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Bone marrow aplasia is an uncommon but disastrous complication of 
chloramphenicol therapy. Its pathogenesis is not known but ultimately impair- 
ment of nucleic acid synthesis should be a feature. To test the possibility that 
chloramphenicol might act directly on cell reproduction, studies were carried out 
on its effect on incorporation in vitro of labeled formate, adenine, and orotic 
acid into nucleic acids and isolated desoxyribose nucleic acid bases. 

In normal bone marrow and peripheral leukocytes of patients with chronic 
myelocytic leukemia no inhibition was observed until levels of chloramphenicol 
well above 100 yg per milliliter were added to the incubate. 

In a single study on bone marrow cells from a patient who had recovered 
from marrow aplasia thought to be due to chloramphenicol, suggestive evidence 
for inhibition of nucleic acid synthesis was noied at a drug concentration of 50 
ug per milliliter. 

Alternative possibilities for abnormal susceptibility to chloramphenicol 


are discussed. 


| YONE MARROW aplasia is the most disastrous complication of chlorampheni- 
col therapy. Sinee cell production is virtually obliterated, nucleie acid 
thesis should be impaired in the affected marrow elements. Accordingly, a 
ly was undertaken to investigate the effects of chloramphenicol on the in- 
poration of purine and pyrimidine precursors in the nucleie acids of normal 
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human bone marrow. Tests were also made on circulating leukemic leukocytes 
and on bone marrow obtained from a patient who recovered from hypoplastic 
anemia suspected to have been caused by chloramphenicol, 

Nucleic acid synthesis was impaired by chloramphenicol only when the drug 
was present in high concentrations. Relatively ereater susceptibility of the 
marrow cells from the patient with a history of possible chloramphenicol toxicity 


was not clearly established, although suggestive evidence was obtained. 


MATERIALS AND METHODS 


lhe techniques employed have been outlined in a previous publication.t1 Bone marrow 
from normal human volunteers and hematologically normal patients and circulating leukocyt 
from untreated patients with chronic myelocytic leukemia were studied. The bone marrow 
samples were suspended in the donor’s plasma anticoagulated with heparin, 0.02 mg. pr 
milliliter. Whole blood from patients with chronic myelocytic leukemia contained the sar 
heparin concentration. Each addition to the suspension was prepared in tris buffered isoto1 
saline.* Ci4-labeled formate, adenine, and orotic acid{ in solutions which contained 10 uM 
per milliliter were added in a proportion of 1 ml. of the precursor to 4 ml. of cell suspensio 
rhe final preparations containing 3 to 6 x 107 normal bone marrow cells per milliliter « 
= to 4 108 leukemic cells per milliliter were transferred in 1 ml. volumes to 15 ml. sere 
capped culture tubes. As noted in the table, each incubation was generally carried out 
duplicate. For the most part, crystalline chloramphenicol} was used, but a few studies wet 
made with Chloromycetin solution (chloramphenicol dissolved in 50 per cent N N dimethiy! 
acetamide). The antibiotic was added in the various concentrations noted in a volume of U 
ml. per milliliter of cell suspension. All incubations were carried on for 3 hours at 37° | 
with constant shaking. The tubes were tightly capped; the atmosphere employed was roo! 
air. At the completion of the incubation and after centrifugation in the cold, pH values o1 
the cell-free supernatant fluid were determined and in all instances ranged from 7.5 to 7.7 

The nucleic acids were extracted from the pellicle?-# and in some studies 
desoxyribose nucleic acid DNA) bases were isolated.©,6 The specific activity of the wh 
desoxyribose nucleic acid and ribose nucleic acid (RNA) fraction and the desoxyribose nuck 
acid bases was determined and expressed as counts per minute per 100 wg of whole desoxyribo 
nucleic acid and ribose nucleic acid or counts per minute per micromole of isolated base 
infinite thinness. Assays were carried out in a thin window gas flow counter on 0.5 ml. aliquots 
of each solution evaporated to dryness on stainless steel planchets. Amounts of desoxyrib 
nucleic acid on each planchet ranged from 25 to 80 wg for normal bone marrow samples ‘ 
125 to 200 wg for leukemic leukocy!os. Corresponding values for ribose nucleic acid w 
t to 6 and 8 to 10 Lg, respectively. The isolated bases 0.02 to 0.1 pM were present on e 
planchet. A minimum of 2,000 counts was obtained on each sample; in ail instances ex 
those wherein the highest concentrations of chloramphenicol were present the radioactivity 


ranged from 2.5 to 10 times the background of 15 ¢.p.m. 


RESULTS 

The results obtained with orotie acid 6 C*™ are given in Table I, experiments 

1 to 4. In experiments 1 and 2 Chloromycetin solution was employed. Among 
the concentrations used only 250 and 500 pg per milliliter caused a distinct 
inhibition of the ineorporation of orotie acid into desoxyribose nueleie avid 


*Tris (hydroxymethyl) aminomethane, 12.114 Gm. in 1,000 ml. of 0.85 per cent s 
with hydrochloric acid added to bring to pH 7.4. 

tAdenine 8 C™ and orotic acid 6 C™ S.A. 1.0 me. per millimole. Sodium formate 
specific activity 5.0 mec. per millimole, obtained from Volk Radiochemical Co., Chicago, Il 


tSupplied by Parke, Davis & Company, Detroit, Mich. 
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and ribose nucleic acid of normal bone marrow. In experiment 3, where 
circulating leukocytes obtained from a patient with chronie myelocytic leukemia 
were studied, crystalline chloramphenicol and the solvent N N dimethylacetamide 
were tested separately. Here again significant inhibition of nucleie acid syn- 
thesis oecurred only at a coneentration of 250 ng per milliliter of the antibiotic, 
but there was no demonstrable effect from the solvent in a coneentration of 
900 ue per milliliter. 

In addition to the studies on the incorporation of orotie acid into the whole 
desoxyribose nucleie acid fraction, the desoxyribose nucleie acid was hydrolyzed 
and the specific activity of its pyrimidine bases was determined (experiment 4 
There was close agreement between the relative decrease in radioaetivity in the 
isolated bases and that in the whole desoxyribose nueleie acid, when higher eon- 
centrations of chloramphenicol were present in the ineubate. 
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Fig. 1 Composite graph showing the average per cent inhibition of the uptake of 
enine 8 C™ into the nucleic acids of normal bone marrow at different chloramphenicol con- 
ntrations Unequivocal inhibition of adenine uptake was demonstrable only at concentrations 
250 we per milliliter. 


Experiments wherein adenine 8 C'! was tested with normal bone marrow 
lded similar results (Table I, experiments 5 to 7). Although there may have 
na slight inhibitory effect with concentrations of chloramphenicol between 
and 125 ne per milliliter inhibition beeame unequivoeal only at higher levels 
of the drug. At equivalent concentrations neither Achromycin nor N N di- 
niethylaeetamide had a demonstrable effect. (In another study sulfadiazine 

tested in concentrations of 100 and 1,000 ,@ per milliliter; no influence on 

incorporation of orotie acid into desoxyribose nueleie acid or ribose nucleic 

was observed. ) 

The degree of inhibition appeared to be less marked when leukemie cells 
W re used (experiments 8 and 9) but the pattern was similar. Sinee there was 
re stively little uptake of C** adenine into desoxyribose nueleie acid in the 
pheral leukocytes obtained from patients with chronie myelocytic leukemia, 
lo. speeifie activity constituted a serious limitation to the interpretation of 
revilts, 
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Formate, however, is more readily incorporated into desoxyribose nucleic 
acid. When this precursor was tested with leukemic cells, inhibition of its in- 
corporation into whole desoxyribose nucleic acid and thymine also occurred 
only at a concentration of 250 ng per milliliter (Table I, experiment 10). 

All experiments yielded similar results; inhibition of the incorporation of 
precursors into nucleic acids of normal bone marrow and leukemie leukocytes 
took place only at high concentrations of chloramphenicol. For purposes of 
re-emphasis, a composite graph showing the average per cent inhibition of the 
uptake of adenine 8 C™ into the nue!sie acids of normal bone marrow at different 
drug concentrations was constructed (Fig. 1). Only at 250 ng per milliliter 
was a distinet inhibition observed. 

In order to examine the possibility of individual biochemical susceptibility 
to the drug, bone marrow from a patient who recovered from aplastic anemia 
suspected to have been caused by chloramphenicol was studied. Her clinical 
findings are briefly summarized. 

Mrs. M. S., a housewife 37 years of age, developed a ‘‘virus infection’’ in August, 1956, 
characterized by malaise, weakness, and sore throat. She was given five injections of 
Chloromycetin and also received Achromycin and Neomycin. The dosages of each agent are 
unknown. In December of 1956, at which time her menstrual period was two weeks overdue, 
she noted spontaneous bruising and petechiae. She was admitted to a hospital and found 
to be anemic and thrombocytopenic. Five units of blood, hydrocortisone, and ACTH were 
given intravenously with considerable subjective improvement. Laboratory data were as 
follows: hemoglobin, 14.5 Gm. per cent (posttransfusion) ; white blood cell count, 3,000 per 
cubic millimeter; differential leukocyte count, 30 per cent segmented neutrophils, 2 per cent 
band forms, and 68 per cent lymphocytes; platelet count, 21,000 per cubic millimeter; 
reticulocytes, 0.3 per cent. A bone marrow examination revealed findings compatible with 
hypoplasia of all elements. Treatment consisted of glucocorticoids and repeated transfusions; 
nineteen units of blood were administered over the next 9 months. In August, 1957, she gave 
birth to a normal female infant. There was gradual improvement thereafter. Her blood 


picture returned to normal 8 months after delivery. 


The effeets of chloramphenicol on the incorporation of adenine 8 C™ in the 
nucleie acids of the patient’s bone marrow were evaluated one year after her 
recovery (Table I, experiment 11). Duplicate ineubations were carried out 
Radioactivity counts on each sample were 2 to 4 times background, and eac! 
planechet was counted twice without variation in the results as given. At 
drug concentration of 50 ng per milliliter there was approximately 20 per cent 
inhibition of the uptake of adenine into both ribose nucleic acid and desox) 
ribose nucleic acid. Here also, however, unequivocal inhibition took place only 
at_a chloramphenicol level of 250 pg per milliliter. 


DISCUSSION 


The association of bone marrow aplasia with the administration of chlora: 
phenicol has been the subject of many reports.*? The pathogenesis of tlie 
complication, however, remains unclear. Toxicity attributed to the nitrobenzene 
ring in its structure, and the development of sensitivity to the drug are two of 
the suggested but as yet unestablished mechanisms.'? 
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More is known about the mechanism of action of chloramphenicol in micro- 
organisms and animal tissue homogenates.1** In sensitive bacteria, inhibition 
of protein synthesis has been readily demonstrated at minimal bacteriostatic 
concentrations.*° Furthermore, in concentrations of 50 »g per milliliter, chlor- 
amphenicol blocks the incorporation of C** glycine into bacterial nuecleie acid 
adenine and guanine.’® In isolated thymic nuclei, however, considerably higher 
concentrations are required for inhibition of desoxyribose nucleic acid and ribose 
nucleie acid synthesis.?® Similar results with normal bone marrow and cireu- 
lating leukemie leukocytes are presented here, a finding of note since at the 
clinical level myeloid tissue is subject to injury from chloramphenicol whereas 
lymphoid cells are not. 

Follette and co-workers,”° in testing effeets of chloramphenicol on leukocyte 
respiration, observed moderate inhibition of oxygen uptake only at a drug con- 
centration of 1 x 10°°M. (323.14 ng per milliliter). At higher levels the degree of 
inhibition increased progressively until it was complete at concentrations of 
6.1 x 10°M. Blood levels of chloramphenicol after an oral dose of 2 Gm. range 
between 20 and 40 ng per milliliter in the average adult; after a 4 Gm. dose, 
concentrations of 40 to 60 wg per milliliter are achieved.*! Although these levels 
are far below those which exerted inhibitory effects in his in vitro study, Follette 
suggested that chloramphenicol might be selectively concentrated in the bone 
marrow.*° Alternatively, however, the length of exposure of the hemopoietic 
tissue to the drug could be a more important factor. 

Two other possibilities must be considered. Patients who develop bone 
marrow aplasia from chloramphenicol may be unable to exerete the drug 
normally and thereby attain much higher blood levels from a given dose. Or 
they may have a biochemical defect at the level of the marrow cells and thereby 
manifest metabolie effects at a concentration of chloramphenicol which is rela- 
tively harmless to normal cells. Genetie factors may be of importance in 
letermining unusual susceptibility since it is possible that subclinical degrees of 
marrow depression are common in random patients given this agent.** Yet, it 
vould appear that only an occasional individual ineurs significant injury to his 
one marrow from therapeutie doses of chloramphenicol. 

Comparative investigations on normal bone marrow samples and those ob- 
ined from patients who have recovered from chloramphenicol induced aplasia 
ay yield definitive data. Although the results of the single study presented 

re are suggestive of an inhibitory effect at a chloramphenicol concentration of 
ug per milliliter, the difference from the control value is not striking and no 
m conelusions can be drawn. It should be noted, furthermore, that the pa- 
‘nt’s hematologie disorder may not have been related to the chloramphenicol 
ministration, but to her pregnancy or some other process. 


} 


SUMMARY 


The effect of chloramphenicol on the uptake of orotic acid, adenine, and 
mate into the nucleic acids of normal bone marrow and leukemic leukocytes 
been studied. Only at high concentrations of the drug, well in excess of 
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100 »g per milliliter, was there a distinct inhibitory effect on the uptake of 
labeled precursors into desoxyribose nucleic acid and ribose nucleie acid of 
normal bone marrow and leukemic leukocytes. 

In a single study on bone marrow eells from a patient who recovered from 
bone marrow aplasia, suspected to have been caused by chloramphenicol, only 
suggestive evidence for abnormal susceptibility to the drug was obtained. Al- 
ternative mechanisms whereby chloramphenicol might induce marrow injury in 
those individuals most susceptible to its myelotoxie effects are considered. 
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FUNCTIONAL ACTIVITY OF AORTIC MUCOPOLYSACCHARIDES* 


IRA GorRE, M.D., AND BERNARD J. LARKEY, A.B. 


Boston, Mass. 


The ground substance of the aorta is mucopolysaccharide in nature. 


Upon 


cxrtraction these constitute about 0.5 per cent by we ight of the aortic tissue. 


They display anticoagulant properties which are neutralizable with protamine 


and when injected intravenously into rats they stimulate the production of lipid 


clearing factor. Further analyses show that these activities reside in_ the 


chondroitin sufate B moiety which forms 40 to 50 per cent of the total 


mucopolysaccharides. The anticoagulant pote neu of aortic tissue may be roughly 
approximated as the equivale nt of 100 mg. of heparin per kilogram of tissue. 
Weak elastase activity is displayed by the crude mucopolysaccharide extract 
but by none of the individual specific mucopolysaccharides. Lipid clearing factor 


is present ina saline extract of defatted aortic tissue. 


If ground substance of the aorta, and other vessels as well, consists of 
acellular amorphous material which supports and binds the structural eom- 
ponents. Although it constitutes only a small fraction of the vessel wall, it is 
the medium through which the cellular and fibrous constituents must conduct 
their metabolie exchange. Chemically it is acid mucopolysaeccharide in nature 
and ineludes the specifie components, chondroitin sulfates A and B, hyaluronie 


acid, and heparitin sulfate.!| As demonstrated by histologic stains, the inner 


portion of the vessel wall, especially the intima, contains an abundance of acid 
mucopolysaecharides. In atherosclerosis, coincident with the intimal 


lesions, 
the 


re is often a replacement or displacement of the normal superficial deposits of 
mucopolysacecharides.2. Chondroitin sulfate B, one of the constituents of this 
material, has been shown to have anticoagulant activity,® * 
th 


and if it is accepted 
this property contributes to the maintenance of normal blood fluidity, then 
nterruption may explain, at least in part, the frequency of arterial throm- 
bos's in atherosclerosis.° Accordingly, to obtain more information about the 


\ 


fun-tional properties of this important material, extracts were prepared from 
poo ed aortas obtained at routine autopsies. The use of human tissues seemed 
ma datery for valid conelusions since other animal species, except certain strains 
ot 


geon,® are far less susceptible to atherosclerosis and it is possible that tissue 
fac ors contribute to this difference. 
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MATERIALS AND METHODS 


There were diverse causes of death in the necropsy population from which the aortas 
were Obtained. Most of the individuals were older than 50 years of age and for uniformity, 
specimens from younger individuals were not included in the preparation of the extracts 
rhe procedure followed was basically that of Dyrbye and Kirk? and was applied to thi 
segment of aorta, stripped of adventitia, from the arch to the ostium of the celiae artery 
The yield of dry material averaged approximately 0.5 per cent of the wet weight of th 
starting material. \ccording to Kirk,’ the composition of this mixture of acid mucopoly 
saccharides is 12.5 per cent sulfate, 33.5 per cent uronic acid, and 24.2 per cent hexosamin 
80 per cent galactosamine and 20 per cent glucosamine). Chondroitin sulfate B was 
separated from the crude aortic preparation by the method of Rodén and Dorfman.? TI 
proved to have a purity of about 75 per cent when subjected to paper electrophoresis by t 
Durrum technique. Many of the procedures used for studying coagulation have been selected 
in modified form from those described by Biggs and MacFarlane!® and by Tocantins.1! They 
are outlined in the form in which they were used, 

Whole blood clotting times were performed in quadruplicate and were averaged follow 
ing a modification of the procedure of Lee and White. Clean glass test tubes (10 by 75 mm 
in this as well as the subsequent procedures were maintained at 37° C. in a water bath. The 
control tubes contained 0.1 ml. of physiologic saline, the others contained 0.1 ml. of a saline 
solution of aortic mucopolysaccharides. One milliliter of fresh blood, drawn atraumatically 
with a siliconized syringe and needle, was added to each tube. At 30 second intervals, eac! 
tube was gently tilted to detect the loss of fluidity which was the end point. 

Plasma recalcification as well as the other determinations which required plasma wert 
done with a single sample prepared from outdated banked blood with acid citrate dextrose 
With this as a substrate, reproducible results could be obtained over the period of sever: 
days required for the completion of the studies. On the contrary, different individual samples 
of fresh plasma, even those secured from the same donor on different days, used in the sam 
Way, gave inconsistent results. Clotting was done in clean glass tubes (10 by 75 mn 


maintained at 37° C. in a water bath. The control tube contained 0.4 ml. of plasma a1 
timing was started the moment 0.4 ml. of 0.02M caleium chloride was added. The tubes wet 
tilted gently every 30 seconds to detect the appearance of fibrin threads as the end point 
In the test procedures the quantity of plasma was reduced so that the addition of the hepat 
mucopolysaecharide and chondroitin sulfate B solutions reconstituted a volume of 0.4 ml. N 
significance was attached to the resultant very slight dilution of the plasma. 

Thrombin inhibition studies were done using the same plasma sample with acid citr: 
dextrose that was used for the calcium clotting times. The reaction was conducted at 37° C 
using a water bath and intermittent gentle tilting of the tube. With 0.2 ml. of plas: 


substrate, 0.1 ml. of a saline thrombin solution containing 2.5 units per milliliter caused fil 


formation in 15 to 30 seconds. The same volumes and proportions were maintained it 
tests. Solutions that contained variable quantities of heparin, mucopolysaccharide, or 
chondroitin sulfate B were adjusted in volume with standardized thrombin (Parke, Davis and 
Company) and saline so that the final reaction mixture contained a constant quantity (( 20 
unit) of thrombin. Protamine neutralization of thrombin inhibition was assayed in the s 
fashion. Thrombin content and concentration were kept constant, and the effect of includ ng 
variable quantities of protamine was assayed upon mixtures whose inhibitory effects 
already been measured. 
Lipid clearing activity induced in rats by the intravenous administration of 

mucopolysaccharides or specific acid mucopolysaccharide was determined by an adaptati( 


Grossman’s! procedure. A 0.1 per cent saline dilution of Ediol proved to be a stable 


satisfactory substrate. Using 19 by 150 mm. round cuvettes and the Coleman mode 14 


universal spectrophotometer, the reaction mixture contained 2.5 ml. of substrate emu 


*A 15 per cent emulsion of coconut oil procured from Shenlabs Pharmaceuticals 
New York, N. Y 
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2.5 ml. of a 3.8 per cent solution ( 


f sodium citrate, and 1 ml. of rat citrate plasma. Optical 
densities were read at a wavelength of 620 mu promptly after the mixture was made and 
again after incubation for one hour at 35° C. Mature adult Charles River rats (five for each 
substance) were injected via the tail vein and 10 minutes later, under ether anesthesia, were 
bled from the heart. Four milliliters of blood was drawn into a syringe which contained 
0.4 ml. of 3.8 per cent sodium citrate; plasma was separated promptly by centrifugation in a 
refrigerated centrifuge at 4° C. Controls, all negative for clearing, included normal rat 
plasma and plasma from animals which had been given normal saline by vein 10 minutes 
previously. Direct admixture and incubation of the various mucopolysaeccharide preparations 
in saline or in normal rat plasma with the substrate emulsion were also unassociated with a 


change in optical density. 


The presence of the eomplete clearing factor in saline homogenates of aortie wall 
previously defatted with chloroform) was evaluated using the same emulsion ‘‘activated’’ 
by the addition of a small (0.1 m.) quantity of nonactive serum as recommended by Korn.13 
One milliliter of a saline extract representing 0.25 gram of aortie tissue was added to the 
‘activated’’ substrate and the optical density at 620 uy was observed before and after 


cubation for one hour at 35° C, 


Elastase activity was determined by the method of Sachar and associates.14 In this 


procedure, 20 mg. of oreein-elastin powder (Sigma Chemieal Company) suspended in 20 ml. 
f tris buffer, pH 8.8, was gently agitated for 20 minutes at 37° C. with 1 ml. of a tris buffer 
solution of the material being assayed. Phosphate buffer (2 ml., pH 6.0) was then added, 
nd a centrifugate was prepared. The presence of dye (oreein) released from its combina 
on with elastin was the index of enzyme activity. Its concentration varied direetly with 
ptieal density as measured in 19 by 150 mm. round cuvettes in a Coleman universal 
pectrophotometer set at 590 wy. From a standard eurve prepared with pure elastase purchased 
mmercially (Sigma Chemieal Company), activity could be expressed in terms of the quantity 
pure enzyme needed to equal it. Tests for elastase inhibition were earried out by noting 
ether or not ineorporation of a given substance in a solution of known elastase activity 
ised significant deviation from the standard eurve. 
Tests for fibrinolytie activity were done by overlaying clots prepared in vitro with 1.0 
of a saline solution that contained 20 mg. of mucopolysaccharides and incubating at 37 
(. for 24 hours. Clots were prepared by reealeifying (0.2 ml. of 0.02M CaCl,) citrate blood 
2 ml.) and citrate plasma (0.2 ml.). Clots were also formed from aged plasma ineorporat 
mucopolysaccharides (0.2 ml.) to a concentration of 20 mg. per milliliter by adding 
inogen (0.15 ml. of 1 per cent solution) and thrombin (25 units in 0.1 ml.). This too was 
bated for 24 hours at 87° C. By ineorporating Actase (Ortho) into the last mentioned 
edure it became possible to ascertain whether or not added substances or materials 


ited the prompt lysis which occurred in the control. 


RESULTS 


As summarized in the aecompanying tables, crude aortie mueopolysae- 


‘ides are distinetly anticoagulant. (The preparation used in Table IV was 
e highly refined and more active than the one used in obtaining data for the 
olor tables.) By weight they have only a fraction of the poteney of their 
( ical relative, heparin (Tables I[, III, and IV), but like heparin the anti- 
ubie effeet can be completely neutralized by protamine (Tables IIT and V). 
acts of aortie mucopolysaeccharide loealize the anticoagulant properties to 
hondroitin sulfate B fraction. This fraction forms 40 to 50 per cent of the 

material and displays twice its potency (Tables [IV and V). Moreover 
ne: ver chondroitin sulfate A, hyaluronic aeid, nor, according to Linker and 


worators,'” heparitin sulfate possesses measurable activity. 
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TABLE I. WHoLE BLoop CLOTTING 
EXPERIMEN TIMI MIN. 
Control 12 
1 ml. of blood, 0.1 ml. of saline range 10-14 
With mucopolysaecharides (2 mg. al 
(1 ml. of blood, 0.1 ml. of mucopolysaccharide range 19-25 
solution” 
*Mucopolysaccharide 20 mg. per milliliter 
TABLE Il. PLASMA RECALCIFICATION TIME 0.02M CaChL—0O.4 ML. 
EXPERIMENT MCG, riMt MIN. 
Control yes 
plasma, 0.4 ml. 
Aortic mucopolysaccharides 100 9.5 
plasma, 0.38 ml.: mucopolysaccharide solution, 
0.02 
Heparin 3 bo 
plasma, 0.39 ml.; half strength heparin solu 
tion,+ 0.01 
Heparin | 8.9 


plasma, 0.59 ml.; heparin solution,} 0.01 


*Mucopolysaccharide: 20 mg. per milliliter 
+Heparin 0.200 meg. per milliliter 
Heparin: 0.400 mg. per milliliter 


TABLE III. THROMBIN INHIBITION 


PROTAMINE 
EXPERIMENT TIME NEUTRALIZATION (MCG. 


Control: plasma and thrombin 15-30 see. 


Plasma and thrombin mixture containing: 


Heparin 1.25 meg. 30 sec. 
Heparin 2.5 meg. 15 see. 
Heparin 10.0 meg. over 30 min. 12.5 


Plasma and thrombin mixture containing: 


Mucopolysaccharide 156 meg. 30 sec. 

Muecopolysaccharide 312 meg. 15 see. 

Mucopolysaccharide 1,250 mee. 5 min. 10.0 
Plasma, 0.2 ml. plus 0.1 ml. of thrombin or thrombin mixture containing 0.25 unit 


thrombin 


Significant lipid clearing activity is displayed by rat plasma ten minutes 
after administering aortic mucopolysaeccharides by veins. On a weight basis, 
this effect of the crude preparation is much less than that of chondroitin sulfat 
B extracted from it and considerably less than that of commercial heparin 
(Table VI). Hyaluronie acid and chondroitin sulfate A, obtained commerei: 
tested in the same manner were completely inert. As is true of heparin, none 
of these substances exhibit clearing activity when mixed in vitro with ‘he 
standard fat emulsion. However, the substrate essential for the release of |:)0 
protein lipase exists in the vessel wall. Suitably defatted, saline extracts of 
aortic homogenate produced distinet clearing of the test emulsion. The in 
corporation of heparin to the mixture had no influence upon the reaction. | nt 
milliliter of a saline extract representing about 0.25 gram of erude a: ‘tic 
homogenate, under the conditions of the test, reduced the optical density | om 
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TABLE TV. PLASMA RECALCIFICATION TIME 


EXPERIMENT MCG. TIME ( MIN.) 
Control 97 
plasma, O.4 ml. 
\ortic mucopolysaceharides MPS 100 6.5 
plasma, 0.88 ml; MPS solution, 0.02 
MPS: 5 mg./ml. 
Chondroitin sulfate B CSB 50 8.0 
plasma, 0.38 ml.; CSB solution, 0.02 
CSB: 2.5 mg./ml. 
Chondroitin sulfate Bt (CSB on 10.5 
plasma, 0.38 ml.; CSB solution, 0.02 
CSB: 2.5 mge./ml. 
Heparin 2 7.0 
(plasma, 0.388 ml.; heparin solution, 0.02 
Heparin: 0.1 mg./mil. 
Heparin 3 11.5 
plasma, 0.37 ml.; heparin solution, 0.03 
Heparin: 0.1 mg./mil. 


Donated by Hoffman La Roche, Switzerland 
flsolated from aortic mucopolysaccharides 


TABLE V. THROMBIN INHIBITION 


TIME PROTAMINE 
EXPERIMENT MCG, SEC, ) NEUTRALIZATION (MCG, ) 
trol: plasma and thrombin 15-30 
asma and thrombin mixture containing: 
Mucopolysaccharide 156 30 
Mucopoly saccharide 312 15 
Muecopols saccharide §25 60 5 


asma and thrombin mixture containing: 
Chondroitin sulfate B 30 45 
Chondroitin sulfate B 60 60 
Chondroitin sulfate B SO 165 12.5 


Plasma, 0.2 ml. plus 6.1 mil. of a solution that contained 0.25 unit of thrombin and 


ing amounts of mucopolysaccharide extract (mps) or chondroitin sulfate B (CSB) 


used 
TABLE VI. Propvuerion oF Liptp CLEARING FACTOR 
OPTICAL DENSITY 
SUBSTANCE DOSE+ INITIAI ONE Hour} 
Normal saline 5 mi./Kg. 0.640 0.640 
Heparin 0.2 mg./Kg. 0.640 0.050 
Chondroitin sulfate B 10.0 me./Ke. 0.640 0.140 
Mucopolysaccharides 80.0 mg. Ke. 0.630 0.250 
Hvaluronie acid 20 mg./Kg. 0.640 0.640 
Chondroitin sulfate A 20 mg./Keg. 0.640 0.640 


*Activity of rat plasma 10 minutes after intravenous administration. 
Tabulated doses are the smallest which produce this response. 


Clearing is represented by a reduction of the optical density during the one hour 
ution period using a wavelength of 620 mu 


‘0 to 0.650. Doubling of the quantity of extraet resulted in a doubling of 
learing (O.D. diminished from 0.820 to 0.760). 
Slight elastase activity was displayed by erude aortie mucopolysaecharides 
not by chondroitin sulfate B or the other specifie moities. There was no 


iolytie or antifibrinolytie potency of any of these preparations. 
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DISCUSSION 

There is virtually universal acceptance of the belief that an intaet healthy 
endothelium accounts for the maintenanee of normal blood fluidity. Con 
trariwise, there is little awareness of the role that more deeply lying constituents 
of the vessel wall may play in this action. Experimentally, Florey and his as 
sociates'® 77 have shown that denudation of the endothelium of a segment of 
rabbit aorta is unassociated with thrombosis even though the defect persists for 
many months. Although this may be explained by fibrinolytie activity as well 
as some anticoagulant property of the subendothelial constituents of the aortic 
wall, Kwaan and MeFadzean'* have been unable to show that thrombosis of 
damaged arterial segments in rabbits is facilitated by ACTIHL inhibition ot 
fibrinolysis. Moreover, Todd'® failed to find histologie evidenee of fibrinolysins 
in arterial intima nor did Astrup and his associates*® in extracts of aortie intima 
Wynn-Williams and Montgomery*! found that transient exposure of rabbit 
arterial endothelium to injurious chemical agents resulted in thromboses incon 
stantly and then only after a delay of 72 hours. Sinee they found histologieall 
that damage involved the deeper lavers of the artery as well as the endothelium, 
their findings support the concept that nonvital, but cellularly dependent, cor 
stituents of the vessel wall have anticoagulant properties. There are sufficient 
elinieal and pathologie analogies in the human to suggest that these results in 
the rabbit are directly applicable to man. It is commonplace to observe ulcerated 
atheromatous plaques at autopsy without superimposed thrombus. Selerosing 
agents are often used for the treatment of varicose veins, and, comparable to 
the results of chemical injury in the rabbit, subsequent thrombosis does not oceur 
for hours*®’; that it occurs so much more consistently is attributable to the slower 
flow of blood in veins. It seems evident, therefore, that the contribution of the 
vascular wall to the maintenanee of blood fluidity depends upon the propertics 
of the ground substance fully as much as, if not more, than upon those of the 
endothelium. <A very crude quantitative estimate of the potency of this an! 


coagulant property ean be derived from our figures. Chondroitin sulfate | 
(CSB), the functional constituent of the ground substance in this regard, \ 


—t F. 


found to form 40 to 50 per cent of the total aortie mucopolysaccharides. Bas 
upon an average weight of 50 grams and a mucopolysaecharide content of 0.0 
per cent, the chondroitin sulfate B content of an individual aorta is about 100 
mg. This quantity is equivalent in anticoagulant potency to 5 mg. of heparin 
(see Table IV). In terms of concentration this is equivalent to 100 mg. of 
heparin per kilogram of tissue, a very impressive quantity when it is considered 
that during life this concentration is maintained. 

Focal depletion of the intimal acid mucopolysaccharides has been obser ed 
to occur coincident with many of the lesions of atherosclerosis. Inferring 


there is a commensurate loss of the anticoagulant property of the vessel w: 


these points explains, in part at least, the propensity for thromboses to occu” in 
atherosclerosis.*° Deposition of fibrin and its subsequent incorporation into th 
intima, as Duguid has deseribed,?*: *' is also one mechanism by whieh at! ‘r0- 


sclerotic lesions may progress. 
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The presence of lipid clearing factor in the vessel wall may be instrumental 


in the facilitation of lipid transport through the wall. The aceumulations so 


conspicuous in atherosclerosis could represent a failure or an overload of this 


mechanism. Splitting of neutral fat by lipoprotein lipase solubilizes it and at 


the same time provides a solvent carrier for cholesterol. Hirseh and Nailor?® 
demonstrated that induced neutral fat hyperlipemia redueed the severity of 
atherosclerosis in rabbits fed cholesterol presumably by such solvent action. 
That the structure and function of the vessel wall are important in this regard 
is suggested by the observation that atherosclerosis is auemented at sites of 
vascular damage.*" There is obviously a finite capacity to this clearing mecha- 


nism but in addition Hirsch and Kellner’s observation®* that the role of heparin 


in lipid clearing lessens its anticoagulant potency, suggests that lipid clearing 
in the vessel wall may favor the mural deposition of fibrin. However if this 
were an important mechanism in vivo the results of neutral fat hyperlipemia 


on atherogenesis in the rabbit would have been different. In this animal at 


least, augmented activity of the intrinsie clearing mechanism of the aorta does 
not interfere with the inherent anticoagulant property. 

The demonstration of elastase activity in the crude aortie mucopolysae- 
‘haride extract was unexpected since Yu and Blumenthal®* had reported that 
eir preparation, which was of bovine origin and contained protein, inhibited 
blocked enzyme activity. 


Inhibitors substances are known to oceur in normal 
erum.??” If they are also indigenous to the aortie wall, our extraction procedure 
seems to have removed them. Teleologically, there seems to be a need for elastase 
activity In tissues rich in elastie fibers, especially when, as in the aorta, their 
tegrity must be maintained in the face of the constant pounding of arterial 
ilsation. None of the isolated specific acid mucopolysaceharides available to 
heparin, hyaluronie acid, chondroitin sulfates A and B 


had elastase or 
stase inhibitory activity. 


The specific moiety of the total aortic mucopoly- 
‘charide preparation with elastolytie properties has not been identified. 


f 


SUMMARY 


The acid mucopolysaccharides of the human aorta which constitute the 
ind substance have appreciable anticoagulant activity and stimulate the 
production of lipid elearing activity. These properties stem from its content of 
ndroitin sulfate B, which in this study averaged 40 to 50 per cent of the 
to’. | mucopolysaecharides. Both of these functions are significant in the de- 


pment and progression of atherosclerosis. Complete lipoprotein lipase ae- 


ti resides in the erude aortic homogenate and presumably refleets its content 
Oo! he substrate with which chondroitin sulfate B interacts. Aortie mucopoly- 
sa -harides also have slight elastase activity; the specifie component with which 
th is associated has not been identified but is neither chondroitin sulfates A 


nor hyaluronie acid. 


ADDENDUM 


Since the manuscript was submitted for publication, it has come to our attention that 


iticoagulant action of aortic mucopolysaccharide, initially reported by Dr. Gore in 








S46 GORE AND LARKEY J. Lab. & Clin. Med 


December, 1960 


1958,6 has been confirmed. (Kirk, J. E.: in Lansing, editor: The Arterial Wall, Baltimore, 
1959, Williams & Wilkins Company, chap. 6. 
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KFFECTS OF ILYPOXIA ON PERIPHERAL VENOUS TONE IN MAN 
JOHN W. EcKSTEIN, M.D.,* anp A. W. Horsutey, M.D.** 
Iowa Crry, Iowa 


It has been suggested that pulmonary arterial distention caused by a shift 
of blood from the systemic vessels into the lunas might help explain the pulmo- 
nary hypertension observed during hypoxia. A shift of blood into the lungs 
would be represented by a reduction in systemic venous volume since the veins 
contain most of the blood. The amount of blood in the veins is determined by 
the tone of their walls and the pressure acting to distend them. Since distend 
ing pressure does not change appreciably with hypoxia a reduction in peripheral 
venous volume would be caused by an increase in venomotor tone. V enous pres 
sure-volume curves were obtained from the forearm with subjects breathing air, 
11.5 and 7.5 per cent oxygen in nitrogen. There were insignificant changes in 
venous tone with 11.5 per ce nt oxugen but active venous constriction occurred 
reqularly with the 7.5 per cent mixture. This constriction was sufficient to shift 


small amounts of blood from the veins of the extre mity. 


T WAS suggested by Fishman and associates? that pulmonary arterial disten- 
| tion eaused by a shift of blood from the svstemie vessels into the lungs might 
help explain the pulmonary hypertension observed during hypoxia. Their 

pothesis was based on the fact that acute hypoxia induces vasoconstriction 
in the svstemie cireulation. A shift of blood from the systemie vessels would 


be 


represented primarily by a reduetion in systemie venous volume since the 
veins contain most of the blood. The amount of blood in the peripheral veins 
is determined chiefly by the tone of the venous walls and the pressure acting 
to distend them. Sinee venous pressure does not change appreciably with 
hypoxia,? a reduction in peripheral venous volume would be caused by an in- 
ase in venomotor tone. 


The experiments reported here were done to see if hypoxia is associated 
with an inerease in venomotor tone and a reduction in the venous volume of 
forearm. 


METHODS AND PROCEDURE 


lhe experiments were performed on nine healthy male medical students. Observations 


enous tone, venous pressure, arterial pressure, heart rate, ventilation, end-expiratory 
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CO, concentration, and arterial oxygen saturation were made as subjects inspired air and 


low oxygen mixtures from a spirometer. Control measurements were obtained with subjects 


breathing saturated air. Experimental measurements were made with subjects breathing 
11.5 per cent oxygen in nitrogen and water vapor, and 7.5 per cent oxygen in nitrogen and 
water vapor. Subjects breathed ambient air for 10 to 15 minutes between the periods of 
observation. All measurements of venous tone during low oxygen breathing were made 


after arterial oxygen saturation had beeome reasonably stable. The hyperventilation whicl 


occurred with the hypoxia was minimized by having subjects practice and by instructing 


them to avoid overbreathing insofar as possible without holding the breath. In 6 exper 


ments observations were repeated while subjects voluntarily hyperventilated air to the same 


end-expiratory CO, level they had with the 7.5 per cent oxygen. This hyperventilation was 


done with prompting in an effort to reproduce the rate and depth of ventilation observe 


during the period ot hypoxia, 


Room temperature was maintained at 78° F. and subjects were studied while in 
supine position. Venous tone was measured in the right forearm by the plethysmographi 
method and venous pressure was measured in the antecubital vein of the dependent left 
arm With a strain gauge. Arterial pressure was measured with a cuff on the left arm and 
heart rate was obtained by counting the radial pulse. Ventilation was determined fro! 


the kymographic tracing inscribed by the spirometer excursions, End-expiratory CO, conce1 
tration was monitored with a Liston-Becker CO, analyzer and arterial oxygen saturation wa 
estimated with a Waters ear oximeter, Venous pressure, CO, values, and the water level 
the plethysmograph were recorded with a Sanborn direct-writing oscillograph. The data wer 
analyzed by methods of Fisher 

Venous tone was measured by a modification of the plethysmographic method previous 
described. This method vields data which permit construction of venous pressure-volul 
curves. The forearm is enclosed in a tall plethysmograph and water is added so that t 
pressure it exerts on the arm is greater than venous pressure but less than arterial pressure 
The arterial inflow drives venous pressure in the forearm to a height greater than that 
the water. The difference between the pressure within the veins and the pressure surrou! 
ing them is the transmural pressure.6 Under these conditions it is a low value (0.5 to 
mm, Hg) which is constant and reproducible.6 The volume of blood in the veins at t 
low transmural pressure is also small and constant.?7 The origin of the venous press 


volume curves is defined as the venous volume which exists at this low level of transmut 


pressure. Since the volume and pressure values are small they are regarded for practi 
purposes as zero. To obtain the curves the transmural pressure in the forearm veins 


increased from zero to 30 mm. Hg in increments of 5.0 mm, Hg by inflating a pneumat 
euff on the arm proximal to the plethysmograph. The increase in forearm venous volu 
caused by each increment of pressure is measured and recorded. The curves are construct 
by plotting venous volume, in milliliters per 100 ml. of forearm tissue, against transn 


pressure (Fig. 1). The eurves are convex toward the volume axis. If the veins be 


less distensible (Fig. 1) the curve falls nearer the pressure axis; if they become more : 


tensible the curve falls nearer the volume axis. The final point on the curve, 
volume at a transmural] pressure of 30 mm. Hg, is termed arbitrarily the venous distensib 
\ high value is associated with reduced tone and a low value with increased tone. Sinee 
venous pressure-volume characteristics are the same in both arms, thie naturally occur 
venous volume of the forearm is the volume coordinate of the point on the eurve 
corresponds to the venous pressure (equals transmural pressure) measured in the arn 
in the plethysmograph. The natural volume is determined by drawing a perpendicular 
the measured value on the pressure axis to the point of intersection with the eurve (Fig 
Forearm volume changes were measured by means of two partially immersed 
trodes*S which sensed changes in the height of the water in a vertical eylinder att: 


to the top of the plethysmograph. The diameter of the eylindet was such that ma 


Constructed by Sanborn Company, Waltham, Mass 
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changes in limb volume raised the water level less than 5 mm. This increase in water level 
vas not sufficient to cause a measurable error in transmural pressure in the veins. A long 
plethysmograph rather than the previously described tandem instrument® was used. With 


a long box the incompletely pressurized zone of tissue at the proximal end contributes only 
negligible fraction to the total volume change within the plethysmograph unless the limb 


diameter is unusually large. 


RESULTS 


Effects of Low Oxygen Breathing on Ventilation, Arterial Oxygen Satura- 
tion, Blood Pressure, and IHeart Rate.—Respiratory minute volume (Table 1) 
averaged 6.0 L. per minute during control periods. It increased to an average 
of 7.8 L. per minute with 11.5 per cent oxygen and 10.0 L. per minute with 7.5 
per cent oxygen. Arterial oxygen saturation averaged 98 per cent on air, 78 
on 11.5 per cent oxygen, and 54 on 7.5 per cent oxygen. Corresponding aver- 


age values for heart rate were 73, 86, and 107 beats per minute. 


TABLE I. VALUES FOR ARTERIAL OXYGEN SATURATION, HEART RATE, ARTERIAL BLOOD 
PRESSURE, AND VENTILATION DURING CONTROL PERIODS AND DURING 
LOW-OXYGEN BREATHING 


ARTERIAL OXYGEN MEAN ARTERIAI 
SATURATION HEART RATHI BLOOD PRESSURI VENTILATION 
EX /| B.P.M. MM. HG L./ MIN. 
PERI 11.5 %|7.5 % 11.5 %|7.5% 11.5 %|7.5 % 11.5 %|7.5 % 
MENT OUN OXY OXY CON OXY OXY CON OXY OXY CON OXY OXY 
NO. PRO! GEN GEN TRO! GEN GEN PRO! GEN GEN TROI GEN GEN 
ag ri D1 S6 100 104 Q5 Qs Q7 6.4 5.9 77 
o 7 Ss] 67 72 S4 Oj 101 10] 107 6.4 6.8 8.4 
, Gg 70 16 60 64 Qv 110 110 116 6.0 11.3 11.2 
j 100 S4 D0 SS 102 112 95 SY 103 1.8 6.2 8.1] 
5 W) S] D4 SO S6 120 9] 91 110 5.4 6.0 10.8 
6 Q7 74 53 76 104 112 95 100 83 6.8 8.6 11.5 
7 Q7 gv? 58 60 68 S4 Q7 Q7 10] 6.1 6.3 9.2 
8 Q9 79 53 da SS 140 85 S4 101 6.9 12.1 10.4 
9 Q9 72 53 60 R0 104 Tt) QQ) 95 5.2 6.6 iz 
Mean 9S 78 D4 73 S6 107 95 96 10] 6.0 i 10.0 
Stan 
dard 
devi 
ation 1.6 1.7 5.9 11.0 14.3 16.6 oe S.S 9.5 0.71 2.38 1.65 


*Diastolic pressure plus one third of the pulse pressure 


Forearm Venous Responses to Hyporia.—Venous pressure (Table IL) in- 
ased in two, decreased in two, and remained unchanged in five experiments 
ring 11.5 per cent oxygen breathing. The average change was zero and no 
nd toward elevation or reduction was detected. The pressure increased in 
r, decreased in two, and remained unchanged in three experiments with 7.5 

cent oxygen. Again, the average change was zero and no trend was noted. 

Venous distensibility increased slightly in one, remained unchanged in one, 
| decreased slightly in seven of the nine experiments with 11.5 per cent 
gen. The average decrease in distensibility was 0.1 ml. per 100 ml. of fore- 
i tissue (p < 0.1). Venous distensibility decreased in each of the nine ex- 
iments with 7.5 per cent oxygen. The average change was 0.6 ml. per 100 
of tissue (p < 0.001). 
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EFFECTS OF HYPOXIA ON PERIPHERAL VENOUS TONE Sl 


The naturally occurring venous volume was not changed when subjeets 
breathed 11.5 per cent oxygen. The volume did decrease, however, in eight of 
the nine tests with 7.5 per cent oxvgen. The average reduction in volume was 
0.5 ml. per 100 ml. (p < 0.001). This shift of blood from the forearm was 
caused by aetive venous constriction since there was no fall in venous pressure 


Fig. 1) 
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Fig. 1 Venous pressure-volume curves obtained during control periods, and during 11.5 
1 7.5 per cent oxygen breathing These curves are constructed from average values for all 
xperiments a, The volume of blood in the forearm veins during control periods b and e, 


rearm venous volume during 11.5 and 7.5 per cent oxygen breathing 


Knd-expiratory CO, tension was monitored in six experiments (Table IL). 

I: averaged 41.4 mm. He during control periods, 39.6 with 11.5 per cent oxygen, 

d 37.2 with 7.5 per cent oxygen. In these same six subjects observations were 

eated with subjects breathing air and hyperventilating to the same end- 

e\piratory CO, level observed with 7.5 per cent oxygen (Fig. 2). HLyper- 

tilation of this degree resulted in venous distensibility values whieh were 
sentially the same as those observed during control periods. 

DISCUSSION 

Hyperventilation causes peripheral venous constriction.” It might, there- 

. be argued that the constriction observed in these experiments is related 

the overbreathing rather than to the hypoxia. This does not appear to be 


case since overbreathing air to the same end-expiratory CO. level observed 
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Fig. 2 Venous pressure-volume curves obtained during control periods, during .D pe 
cent oxygen breathing, and during mild hyperventilation These curves are constructed fron 
iverage values for the 6 experiments in which observations were made with subjects over 
breathing ambient air to the same end-expiratory COs tension seen during hypoxia a, The 
forearm venous blood volume during control periods b and c, Venous volume during 7.5 pe 
ent oxygen breathing and during hyperventilation 


with hypoxia was not associated with changes in venous tone. The hypervent! 
lation in the earlier experiments’ was far greater than that seen with 7.5 pe! 
cent oxygen breathing. 

Venous constriction with a shift of blood from the extremity was observed 
in almost all experiments when subjects inspired 7.5 per cent oxygen. This 
redistribution of blood from the periphery of the body tends to support tl 
hypothesis of Fishman and co-workers? who suggested that shifts of blood fro 
systemie vessels into the lungs might help to explain the pulmonary hyperte: 


sion observed during hypoxia. 


SUMMARY 


Venous pressure-volume curves were obtained from the forearm with s\ 
jeets breathing air, 11.5, and 7.5 per cent oxygen in nitrogen. There were 
significant changes in venous tone with 11.5 per cent oxvgen but active venc 's 
constriction occurred regularly with the 7.5 per cent mixture. This constrict 
was sufficient to displace small amounts of blood from the extremity. 1 
change in venous tone could not be attributed to the mild hyperventilat 
which occurred with low oxygen breathing. 
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IN VIVO STUDY OF THE SICKLE CELL PHENOMENON 
WALLACE N. JENSEN, M.D., DonaLp L. RucKNAGEL, M.D., AND 
W. Jare Taytor, M.D. 

PirTsBURGH, Pa. 

To further delineate the relation between oxygen tension and the sickling 
phenomenon, venous catheterization studies were performed in ten patients with 
sickle cell anemia. Samples of blood from various accessible venous sites were 
withdrawn for determination of orygen saturation and numbers of sickled cells. 
Fewer than 30 per cent sickled cells were found in all samples. The number of 
sickled cells was remarkably constant in the various venous sitcs of a given 
patient, despite moderately wide differences in oxygen saturation. Although the 
number of sickled cells varied considerably from one patient to another, this 
could not be directly correlated with clinical severity of the disease. It is 
proposed that several physiologic mechanisms are operative to minimize the num 
bers of sickled cells present in the vascular bed at a given time. These include 
the inereased cardiac output present in sickle cell anemia and the resultant 
decreased arteriovenous oxygen differences which effectually maintain higher 


hlood oxygen tensions and thus shorten the period of red cell dceoryacnation. 


HE relationship of blood oxygen tension to the in vitro sickle cell phenomenon 

was first described by Hahn and Gillespie and this finding has subsequent] 
not only been utilized as a convenient method for the identification of cells 
which contain sickle hemoglobin, but has provided a stimulus to the investiga 
tion of the biophysical properties of normal and abnormal hemoglobins. Hahn 
and Gillespie also recognized the increased sickling which oeeurs when blood pH 
is lowered and ascribed this to the effect of decreased pH on hemoglobin oxygen 
dissociation. More quantitative aspects of the relationship in vitro of oxygen 
tension, blood pH, and the sickled erythrocyte were delineated by Lange and 
associates.2. They found abundant sickling below an oxygen tension of 30 mim 
Hg with pH 7.4, but when the pH was decreased to 6.9, sickling began at an 
oxygen tension of 45 mm. Hg and there was virtually complete sickling whe! 
oxygen tension was at or below 30 mm. Hg. 

The unique biophysical characteristics of sickle hemoglobin and the change: 
which oeeur in the hemoglobin and erythroeyte when deoxygenation oceurs hav 
been the subject of extensive studies which have recently been reviewed by 
Harris.’ In particular, the susceptibility of the sickled erythrocyte to disruption 
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a: SICKLE CELL PHENOMENON 855 
by mechanieal trauma which was demonstrated by Diggs and Bibb,‘ the inerease 
in viscosity of blood that contained sickled cells deseribed by Ham and Castle,° 
and the physical deformity of the sickled cell have been widely accepted as the 
important facets of the genesis of the anemia and thrombosis which characterize 
sickle cell anemia. The evidence for the theory of generalized or regional tissue 
oxvgen deficit with induetion of sickling of cells. sequential inerease in blood 
viscosity, decreased rate of blood flow, decreased pH, thrombosis, and intravas- 
cular lysis of cells has been reviewed by Ham and Castle,’ by Bauer,® and by 
Harris and collaborators.?. The demonstration of dependeney of the sickling 
process in the various heterozygous sickle hemoglobinopathies on the intracorpus- 
eular coneentration of sickle hemoglobin has provided a further consideration in 
the explanations offered for the different elinieal patterns observed in these 
disorders.*-?° 

Despite the dependence of this pathogenetic theory on the provision that the 
in vitro conditions adequately simulate the in vivo situation studies of in vivo 
sickling are few. Seriver and Waugh" found that antieubital venous blood of a 
patient with sickle cell anemia, collected without stasis, contained 15 to 20 per 
cent sickled cells and that stasis within the vein would increase the number of 
sickled cells, whereas an inereased rate of blood flow caused a decrease in sickled 
eells. Sherman’ noted that sickled cells were fewer in the arterial than in the 
venous blood in sickle cell anemia and that the venous blood of patients with 
sickle eell trait did not contain sickled eells. Klinefelter’® was able to show an 
inverse relation between the number of arterial sickled cells and the concentration 
of oxygen in gas mixtures inhaled by a patient with sickle cell anemia. It should 
he noted, however, that the percentage of sickled forms were more numerous in 
the arterial blood of Klinefelter’s patient than in the venous blood of the patient 
studied by Seriver and Waugh. More extensive studies of the in vivo sickle 
phenomenon have been reported by Sproule and c¢o-workers,'* since the comple- 
tion of these studies. The paucity of such data and its importance to current 
coneepts of the pathogenesis of sickle cell anemia led to the present series of 


hservations. 
MATERIALS AND METHODS 


Fourteen venous eatheterizations were performed in ten patients with sickle cell anemia 
| two patients with sickle cell-hemoglobin C disease. The patients demonstrated a wide 
ge of clinical symptoms with varying degrees of severity of illness as reflected by their 
tories, hospitalizations, and hematologie findings (Table [). Two patients had received 
nsfusions within 3 months prior to the study and their blood contained small numbers of 
rmal erythrocytes. The two patients with sickle cell-hemoglobin C disease had splenomegaly 
| anemia; one had extensive medullary bone infarctions and pulmonary tuberculosis. 

Catheterizations were performed during the postabsorptive period without premedication. 
er the catheter had been placed in the desired vascular site, 3 ml. of blood was withdrawn 

discarded, after which duplicate 10 ml. aliquots were aspirated anaerobically into oiled 
irinized syringes. These were sealed, the blood was gently mixed, and 0.25 ml. was 
‘oduced anaerobically into 1.5 ml. of a 10 per cent solution of formalin in isotonie sodium 

ride. The remainder of the blood sample was sealed with mereury, capped, and refrigerated 


| the oxygen content was determined. Cell counts and gas analyses were performed on 
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TABLE I. HEMATOLOGIC DATA 
DATE RETICULO TIME 

STUDIED AGE HCT HB CYTES WBC SINCE} HB-S | HB-F | HB-A 

PATIENT MO.-YR. ) YR. % ) GM. %) (%) (PER MM.3) |CRISIS| (%) | (%) | (%) 
E. B. 5-56 29 20 7.2 7 13,000 2mo. 70 3 27* 
8-56 16 5.6 9 18,000 6 mo. 96 4 0 
M.B 1-56 9 99 8.0 2 15,200 12 mo. 98 2 0) 
8-56 16 5.7 6 15,500 16 mo. 98 2 0 
C.8. 1-56 25 33 11.0 6 10,700 12mo. 94 6 0 
he 3-56 32 28 8.9 6 36,000 8mo. 100 0 0 
3. 9-56 10 27 6.6 6 15,500 12 mo. 95 5 0 
M.M 3-56 16 95 7.6 7 19,650 3 wk, S4 16 0 
M. C. 3-56 2g 85 11.2 6 14,500 $ mo, 98 2 0 
1.8. 9-56 17 27 8.7 13 14,200 2 wk. 90 10 0) 
m. ©. 3-57 4 23 6.8 11 17.250 l mo. 86 } 10 
G.S. 8-57 Y4 28 9.3 12 11.600 6 mo. 97 3 0 
G. B.t 3-56 55 34 10.6 4 8,750 None 10 0 60} 
P. o.4 8-56 32 39 10.4 3 9,500 None 38 0 62+ 

*Transfused within 3 months of time of study. 
(Designates patients with sickle cell-hemoglobin C disease 
Amounts of hemoglobin C present. 
blood from the same syringe. Whole blood oxygen saturation was determined by the 


spectrophotometric method of Hickam and Frayser,!5 combined total hemoglobin by the 
cevanmethemoglobin method. 

After exposure of erythrocytes for 4 minutes in the formalin solution, the cells wer 
gently mixed and a wet preparation was made for microscopie examination. A total of 
1,000 cells was counted for determination of the percentage of sickling. Rigid criteria for 
sickled cells were used wherein cells were so designated only when a distinct acute point or 
angle was present or when folding of the cell perimetry was seen. Thus, ovalocytes, tear 
drop cells, and other poikilocytes were excluded from the sickled cell count. Control observa 
tions were made which indicated that the number of sickled cells was not altered by passage 
of blood through the catheter, by variations in transit time of the blood in the catheter 
imposed by various in vivo positions of the catheter, by variations within one minute i 
time of storage of blood in the syringe, or by the presaturation of the formalin-saline fixativ: 
solution by oxygen, carbondioxide, or nitrogen. 

In vitro observations of the relationship between oxygen tension and percentage of 
sickled cells were made by use of methods similar to those utilized by Lange and associates 
and by Harris and co-workers.7 Within one day of the performance of venous cathete:.zatior 


studies, samples of the patients’ heparinized venous blood were obtained and divided int 


2 ml. aliquots which were placed in rubber stoppered glass tubes and exposed to various gas 
mixtures. In addition to 10 per cent carbon dioxide, the gas mixtures contained, respectively 
0, 2.1, 2.9, 3.9, 4.9, 6.0, 7.4, and 9.4 per cent oxygen with the balance of gas made of nitroge: 
The gases were bubbled through water, admitted to, and exited from the blood samples \ 
20 gauge needles. After exposure of the blood sample to the gas flow for 5 minutes, 
needles were removed and the tubes were rotated in a roller at 30 r.p.m. for 15 minutes 
room temperature. Exposures of the blood to the gas was repeated three times during 
80 minute period. After equilibration with the gas, an 0.2 ml. sample was removed 
aspiration with an oil sealed tuberculin syringe and injected anaerobically into a formal 
saline solution. Sickle cell counts were made as was previously described. The remaind 
of the blood sample was used for the determination of the pH value with the Cambrid 
pH meter. To observe the effect of carbon dioxide and pH on the sickling phenome 
studies were also made with gas mixtures which contained 5.7 per cent carbon dioxide 
either 2 or 4 per cent oxygen. In all experiments the concentration of cells used was t 
of the patient’s hematocrit and heparin was used as the anticoagulant. 

In certain of the data, values are expressed as gas tension rather than percentage 


oxygen saturation. Where this has been done, the gas tension has been derived by use 
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N 


the whole blood pH value, the per cent oxygen saturation and an oxygen dissociation curve 
constructed from the data published by Becklake1® and by Fowler1? which indicate that 
oxygen tension is approximately 10 mm. Hg greater at 50 per cent saturation for cells that 
contain sickle hemoglobin than for normal erythrocytes. 


) 


In three patients observations of the effect of the rapid intravenous infusion of 2.0 
n Ky. per kilogram of 0.85 molar sodium bicarbonate on the percentage of sickled cells were 
nade. In these studies, blood samples were obtained prior to sodium bicarbonate infusion 
und the catheter was left in the last sampling site, usually the right renal vein, during the 
nfusion of the sodium bicarbonate. After the infusion of sodium bicarbonate, the catheter 
vas rapidly directed to the previously sampled venous sites and blood was again withdrawn, 
thus providing samples of blood from various sites immediately prior to and after the 
administration of the alkali. 

Hematologic procedures were performed by standard methods. Types S and A 
hemoglobin were separated by paper electrophoresis and the proportion of each was deter- 
mined by densitometric measurements of the stained pigment on the paper. Fetal hemo- 


vlobin was estimated by the method of Singer and Chernoff. 


RESULTS 

In Vivo Sickle Cells and Blood Oxygen Saturation.—Sickle erythrocytes 
in the venous blood samples obtained from the various organ sites varied from 
5 to 31 per cent (Fig. 1 and Table 11). The number of sickled cells found in 
the arterial blood in any elven subject was tewer than in any of the venous 
blood samples obtained in that subject. In the study of a given individual, the 
number of sickled cells found in one venous blood sample was remarkably similar 
to that found in venous blood obtained from other sites. This was true despite 
the rather wide differences in venous blood oxygen saturation which were present 


n the samples of blood from the various venous sites. In contrast to the con- 
staney of percentage of sickled cells in the venous samples within a single in- 
lividual, the percentage of sickled cells with any given oxygen saturat‘on varied 
videly from patient to patient. For example, B. H. had 16 per cent sickled forms 
n the arterial blood sample at an oxygen saturation of 89 per cent whereas M.B. 
ad only 17 per cent sickled cells in a hepatie venous blood sample with an 
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Fig. 1 Scattergram of the per cent sickled cells and the per cent oxygen saturation 
Samples of arterial and venous blood obtained at various sites throughout the 
ilation 
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Fig. 2 Per cent sickled cells and per cent oxygen saturation in various vascular sites 
in two patients with sickle cell anemia FA, Femoral artery: ReV, renal vein; RA, right 


itrium; RV, right ventricle PA, pulmonary artery; HV, hepatic 


vein: JV, jugular vein; CS, 
coronary sinus. 


oxygen saturation of 24 per cent. Similarly, in patient E. B. where there were 
two studies earried out, oxygen saturations at different sites were similar, but a 
more than threefold increase in sickled cells was found on the second examina- 
tion as compared to the initial study. It seems unlikely that this difference may 
be explained by the slightly greater number of cells that contained hemoglobin 
S present at the time of the second study. The relative uniformity in the single 
patient of percentage of sickling at different sites and the variation in percentage 
of sickled cells from one patient to another despite similar oxygen saturations 
are shown in Fig. 2. 


The arterial blood oxygen saturation was below normal in all but two of the 
patients with sickle cell anemia with a range from 68 to 97 per eent. The 
extremes of venous blood oxygen saturation occurred in the renal venous and the 
coronary sinus blood samples. Blood samples from other venous sites were 
ntermediate in oxygen saturation to these extremes and 37 of the 59 samples of 
ood had between 45 and 65 per cent oxygen saturation. Correlations could 
ot be made between the number of sickled cells found at the time of venous 
itheterization and the number of reticulocytes, the degree of anemia, the 
‘ythroeyte concentration of fetal hemoglobin, the interval sinee the last 
rombotie episode, the age of the patient, or the apparent clinical severity of the 
sease, 

In one patient with sickle cell-hemoglobin C disease, the arterial blood 
ygen saturation was normal, but in the second patient there was 88 per cent 
terial blood oxygen saturation. This patient had moderately severe emphysema 
d active pulmonary tuberculosis. There were less than 1 and 5 per cent 
‘kled cells, respectively, in arterial and venous samples of blood from these 
0 patients. 

Effect of Sodium Bicarbonate Infusion on Sickling.—The rapid intravenous 
usion of 2.5 mEq. per kilogram of 0.85 molar sodium bicarbonate caused no 
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"ABLE III KrRECT OF INTRAVENOUS INFUSION OF SoplumM BICARBONATE ON OXYGEN 
SATURATION AND PER CENT OF SICKLED CELLS 


BEFORI AFTER 
Na BICARBONATI Na BICARBONATI 
% oO 9 % O °y// 
PATIENT SITI SATURATION SICKLING SATURATION SICKLING 
M.™M Jugular vein q 
Renal vein 63 10 nD 10 
Hepatic vein 39 11 36 11 
Right aurick D4 1] D1 10 
Femoral artery SO 2 SD 3 
M. B. Jugular vein 32 15 10 14 
Renal vein $2 IS 38 17 
Hepatic vein 24 17 30 13 
Right auricle 34 19 10 16 
Femoral artery 68 7 68 S 
C. 8. Jugular vein 62 13 56 12 
Renal vein 73 13 id 9 
Hepatic vein 59 10 56 Ss 
Right auricle 62 9 59 9 
Femoral artery 85 7 83 t 


significant alteration in the number of sickled cells in the various venous and 
arterial samples of three different patients (Tables III). Whole blood pH 
measurements were not done in these studies, but this amount of sodium biecar- 
honate was sufficient to increase blood pH by 0.10 units in the studies reported 
by Singer and co-workers.'* <All patients developed symptoms of nausea, 
paresthesia, or mild transient tetany during the infusion of the alkali. 

In Vitro Sickle Cells and Oxygen Tension.—The in vitro relationship 
between oxygen tension and percentage of sickled cells is presented in Fig. 3 
Kew sickled cells were present when pO. was greater than 50 mm. He, but 
the percentage of abnormal cells increased as oxygen tension was lowered to 
25 mm. Hg. The blood pH values after equilibration with the gas mixtures 
which contained 10 per cent carbon dioxide were below the physiologie rang 
and ranged from 6.85 to 7.10. The use of gas mixtures with a lesser content ot 
carbon dioxide resulted in pH values of 7.20 to 7.27. Little change was noted 
in the percentage of sickled cells for a given oxygen tension with this change in 
pH value. The in vitro studies showed a lesser degree of sickling of sickled 
hemoglobin C cells than of sickled hemoglobin cells at a given oxygen tension 
and oxygen tensions below 10 mm. Hg were necessary to induce 20 per cent o 
greater sickled cells in the sickled hemoglobin C cells. 


DISCUSSION 
The present study demonstrated less than 30 per cent sickled cells preset 
in the cireulation of patients with sickle cell anemia. These low and, in a giv 
patient, relatively constant numbers of siekled eells whieh were found in t! 
more readily accessible venous efficient channels must be evaluated in relatio 
ship to the in vitro sickling phenomenon and the pathogenetie theory whi 


attributes the major manifestations of sickle cell anemia to intravaseular sieklin 
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If it is assumed that the in vivo and in vitro relationship of sickling and 
oxygen tension are identical, the hemodynamic adjustments imposed by severe 
anemia may afford a partial explanation for the relative paucity of sickled cells 
found in certain venous sites. Venous blood oxygen saturations vary from 92 
per cent in the renal vein to 38 per cent in the coronary sinus (corresponding 
oxygen tensions 67 and 22 mm. Hg) in the normal individual. In severe anemia, 
the increase in cardiae output is proportionately distributed to all areas of the 
hody exeept the skin and kidneyv'’** and, consequently, sufficient oxygen 
may be supplied to the various organs despite smal] arteriovenous oxygen differ- 
ences. These small differences in the arterial and venous blood oxygen content 
resulted in quite uniform blood oxygen saturations in the various sites which were 
sampled. Within the individual patient, the variations in oxygen saturations 
from one site to another was even less marked than that seen in the group as a 
whole and may be an important factor in the uniform degree of sickling observed 
within the individual patient. It ean be seen that the levels of oxygen saturation 
and oxvgen tension which exist in vivo with the subject at rest are, for the most 
part, above the level required to produce very high numbers of sickled cells 
under in vitro conditions. The inereased organie blood flow in sickle cell anemia 
which is a necessary compensation for the anemia may serve to prevent extreme 
local sickling by preventing the occurrence of markedly low oxygen tensions at 
any given site. Allison?’ has also deseribed a discrepancy between the number 
of-sickled cells present in venous blood and those found at similar oxygen tensions 
under in vitro conditions. From his quite simple observations on the rate of 
increase of sickled cells in anticubital venous blood after venous stasis, it was 
suggested that the mean period of partial deoxygenation required for sickling 
is 2 to4 minutes. This is near the same time found by Ponder** of 1 to 2 minutes 
required for in vitro sickling. From his studies, Allison suggested that the time 
of in vivo oxvgen desaturation of red cells is not sufficiently long to allow large 
numbers of sickled cells to form. An additional factor which may prevent in 

ivo sickling is the shift of the oxvgen dissociation curve to the right'® +7 in the 
‘ell that contains hemoglobin S as compared with the normal red eell. This 
lay serve to maintain venous blood oxygen tensions at levels above that required 
0 produce extensive in vitro sickling. This shift in the oxygen dissociation 
urve results in higher oxygen tensions for given oxygen saturation levels and 

particularly effeetive in the steeper mid-portion of the oxygen dissociation 
irve where a majority of the in vivo values for oxygen saturation were found. 

In the comparisons of the in vivo and in in vitro sickle studies, not only 

‘ygen tension, but also pll must be carefully considered. The use of gas 
ixtures with high concentrations of carbon dioxide resulted in low blood pH 
lues. These studies, however, were carried out under conditions designed to 
iplicate the experiments reported by Harris.’ The studies of sickling and 
00d viseosity reported by Greenberg and collaborators’ were earried out at 
00d pH values of 7.3 or less. Lange? found that oxygen tensions near or below 
'mm. He were necessary for appreciable in vitro sickling when the blood pH 


8 7.4. For comparative purposes, the data obtained by Harris, by Lange, and 
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Fig. 3 The relationship between oxygen tension and percentage sickled cells in blood fron 


three patients with sickle cell anemia 


by us in the present study of oxvgen tension and sickling have been plotted in) 
a single figure (Fig. 4). Superimposed on this in vitro data are values which 
were obtained during the present in vivo study. The values obtained in these 
in vivo studies are similar to those found in the experiments of Lange where 
the pH of the suspension media was 7.44. Differences between values predicted 
for number of sickle cells by the in vitro data of Lange and the observed per- 
centage of sickled cells in vivo are apparent only at the extremities of oxygen 
tension. At oxygen tensions below 30 mm. Hg fewer sickle cells were found 
and at oxygen tensions above 60 mm. Hg more sickle cells were found in vivo 
than in vitro. Despite this rather striking demonstration of the effect of pH 
on in vitro sickling, the intravenous infusion of sodium bicarbonate failed to 
induce an alteration in the number of sickled cells. This lack of change in 
number of sickled cells during the immediate postinfusion period may, however, 
not adequately refleet changes in numbers of sickled eells which may have oe 
eurred if metabolic alkalosis had been induced over a longer period of time. 
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Fig. 4 Composite graph of the relation between sickling and oxygen tension und 
in vivo and in vitro conditions. The figure includes in vitro data published by Lange ar 
collaborators? and by Harris and co-workers.’ 
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The quite striking variation found in the pereentage of sickled cells from one 
patient to another when similar blood oxygen tensions and cellular concentrations 
of sickle hemoglobin were present suggest the possibility that sickling may be 
dependent on factors other than whole blood pH, oxygen tension, and cellular 
concentration of sickle hemoglobin. The time of exposure of such cells to regions 
of low oxygen tension is undoubtedly important.** The role of physical trauma 
under in vivo conditions has not been adequately evaluated. Studies of potas- 
sium and sodium eoncentration in eells and the rates of ion exchange with 
various suspending media show abnormalities whieh have been aseribed to cell 
membrane changes which are secondary to the sickling process.*> Bartlett and 
co-workers*® found no differences between sickled and normal cells of glycolysis 
or radiophosphorus uptake. In contrast to these findings, Prankerd** deseribed 
a decrease in P* orthophosphate uptake by sickled cells and a decrease in 
cellular adenosine triphosphate in sieckled cells. These changes were also ascribed 
to cell surface or membrane changes which oceur as the result of the sickling 
process. 

Krickson* found increased concentrations of total lipid and phospholipid in 
erythroeytes of patients with sickle cell anemia. More recent studies*® of total 
lipid, total phospholipid, and individual phospholipids of sickle cells are in 
agreement with the findings of Erickson, but when these values were compared 
with similar determinations of populations of normal young cells, differences 
were not apparent. Thus, to date specific abnormalities of the nonhemoglobin 
components of the red cell which may be important to the production of the 
physical deformity of the cell have not been deseribed. The decreased arterial 
saturation observed in patients with sickle cell anemia, the shift toward the 
right in the oxygen dissociation curve demonstrated in intact erythrocytes,” 
ind the normal oxygen dissociation curve observed in sickle hemoglobin solu- 
fions'® suggest impedance to oxygen-hemoglobin association by nonhemoglobin 
‘components of the sickle cell that contains hemoglobin. 

Regardless of the factors which initiate and maintain the sickling of red 
‘ells in the patient with sickle cell anemia, these studies suggest that large num- 
ers of sickled cells are not always present in the body. The present observa- 

ions may not reflect the situation during periods of accelerated hemolysis, re- 
uced erythropoiesis, infection, or inordinate physical activity. It seems reason- 
ble that increased tissue demand for oxygen from physical activity, pyrexia, or 
iting would lower venous blood oxygen tensions, but it is doubtful that the 
agnitude of such changes would be sufficient to induce massive sickling. Fur- 
ermore, although sickling does increase blood viscosity, anemia of severe degree 
productive of decreased viscosity. Thus, these in vivo variations in blood 
scosity may not be expected to induce thrombosis. It is noteworthy that the 
tailed pathologie study by Kimmelstiel*' of a patient with sickle cell anemia 
iled to show vaseular thrombosis although there were numerous ischemic 
‘arets. The notable failure to routinely demonstrate thrombosis in vessels and 
arets in the musele of the hearts of patients with sickle cell anemia is also 


signifieanee sinee it is in the vessels of the heart that the greatest arteriovenous 
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oxygen difference exists. The hyposthenuria™ of sickle cell anemia is also dif- 
ficult to explain on the basis of the sickling phenomenon. Finally, it must be 
realized that the most important anatomie site at which sickling may occur is in 
the capillaries. It seems possible that sickling may occur in a portion of a 
eapillary bed and not be refleeted by sampling of blood at the venous level of 
circulation. 

The studies reported here emphasize a need for further studies of the in 
vivo sickling phenomenon particularly of the eapillary beds. These would pro 
vide much needed information which is necessary for the appropriate interpreta 
tion of the role which morphologic alterations of the red cell have in the produe 
tion of thrombosis in patients with sickle cell anemia. 


SUMMARY 


Venous catheterizations and arterial punctures were performed in ten pa 
tients with sickle cell anemia and two patients with sickle cell-hemoglobin C 
disease. Samples of venous blood were obtained from the jugular, hepatic, and 
renal veins, the inferior vena cava, right atrium, pulmonary artery, right 
ventricle, and coronary sinus. Arterial blood always contained fewer sickled 
cells than venous blood. In the various venous blood samples, the numbers of 
sickled cells were remarkably constant from one site to another, despite moderate 
differences in oxygen content. The number of sickled cells in the veins and 
arteries differed from one patient to another, but could not be correlated with 
the clinical severity of the disease. The intravenous administration of sodium 
bicarbonate had no significant effeet on the number of sickled cells found in vivo. 
It is proposed that the inereased eardiae output which accompanies the anemia 
in sickle cell disease provides lowered arteriovenous oxygen differences which 
effectually maintains higher blood oxygen tensions and shortens the period of 
red cell deoxygenation which decreased the probability of massive in vitro 
sickling. The shift to the right of the oxygen dissociation curve in sickle cell 
anemia also may prevent extremely low blood oxygen tensions. It is also sug 
gested that sickle hemoglobin possibly provides a permissive rather than obliga- 
tory state for the in vivo formation of a sickled cell and that defects other than 
that of the abnormal hemoglobin may be present in the erythrocytes of patients 
with sickle cell anemia. 
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ERYTHROKINETIC STUDLES IN THALASSEMIA TRAIT 
Howarp A. Pearson, M.D., WitttAmM McFaruanp, M.D., anon E. R. King, M.D. 
BETHESDA, Mb. 


Wirht THE TrECHNICAL ASSISTANCE OF WILLIAM BECKNER AND CHARLES PETROFF 


Erythrokinetic studies, using Cro! and Fe59, have been performed on nine 
adults with heterozygous thalassemia. Diagnosis was based on findings of typical 
morphologic changes in the red cells, decreased osmotic fraqilitu, and elevated 
hemoglobin A, by starch block electrophoresis. Red blood cell Crs! half-life 


was Shortened in 6 of 9 cascs with a mean of 22 days. Plasma iron turnover 


was increased in all cases and crythroid hyperplasia of the bone marrow was also 
seen. Despite these indications of hupe ractivity of the erythron, consistently 
poor Fe59 utilization by red blood cells was seen. Values of Fe59 utilization 
averaged 58 per cent at 14 days in these cases, and were intermediate between 
normal and those reported in homozygous thalassemia. These studies support 
the concept that ‘‘ineffective erythropoiesis’’ is important in the pathogenesis 
of the anemia of the heterozygous as well as the homozyqous thalassemia syn- 


di omes, 


HALASSEMIA trait is a mild anemia that results from the heterozygous oe 

currence of a thalassemia gene. The red cell morphology is characterized 
hy hypochromia, microcytosis, and leptocytosis. More recent studies, using 
starch blood electrophoresis, have demonstrated that the slow minor component 
of hemoglobin, A., is elevated in most eases of thalassemia trait in white 
people, and probably represents the most definitive single test for establishing 
this diagnosis.’ 

With the development of erythrokinetie studies in which radioisotopes are 
used, a number of individuals with thalassemia major, the rare and sever 
homozygous state, were investigated.* ° Although the milder heterozygous eon 
dition is relatively common, few, if any, studies of erythrokineties have been 
reported on individuals with thalassemia trait. 

It is becoming apparent that there are a number of thalassemia syndromes 
which ean be differentiated by appropriate studies. However, the great majorit: 
of white patients with thalassemia trait have microcytosis and an elevate: 
hemoglobin A. level. Gerald and Diamond? have ealled this group ‘‘elassica 
thalassemia trait.’’ The purpose of this report is to present data of erythr 
kinetic studies in nine adults with this form of thalassemia trait for insight into 
the mechanism of anemia in this condition and also to provide data for futw 


comparison with other of the various thalassemia syndromes. 
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METHOD 


Red cell and reticulocyte counts, and hemoglobin and hematocrit determinations were 
performed by conventional methods. Osmotic fragility studies were done by the method of 
Dacie.' Serum iron levels were measured by a modification of the method of Moss and 
Mellon.? One thousand consecutive marrow cells were examined in determining the n veloid: 
erythroid ratio in the bone marrow. Fetal hemoglobin was measured by the one minute 
method of Singer and co-workers.s Starch block electrophoresis of hemoglobin for deter 
mination of hemoglobin A, percentage was performed, using barbital buffer, pH 8.6, as 
previously deseribed.9 Hemoglobin A, accounts for less than 3.2 per cent of total hemo 
globin in normal individuals. Blood volume determinations and red cell survival studies, 


using Cr5!, and ferrokinetic studies, using Fe59, were done in a combined procedure, using 


gamma ray spectrometry, to distinguish the two nuclides. Normal donor plasma was 
incubated with the dose of Fe59 prior to administration. Normal values and ranges for the 


erythrokinetic studies in the body of this report are those previously listed in communications 


from our laboratory.!0 
RESULTS 


A. General Hematologic Data—( Table 1.) A> mieroeytic, hypochromic 
anemia was present in each instance. An inereased percentage of reticuloeytes 


was seen in four cases. No nucleated red cells were observed in the peripheral 


TABLE I. ILTEMATOLOGIC DATA 
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blood. Osmotic fragility showed increased resistance to hemolysis by hypotonic 
saline solutions. Serum iron was high normal or increased in seven of the 
nine eases. Hemoglobin A, was elevated above 4.5 per cent in all of these 
eases; in six eases the fetal hemoglobin fraction was slightly elevated. The 
bone marrow showed erythroid predominance in each instanee, and frank normo 


blastie hyperplasia was observed in three of the eases. 


B. Erythrokinetic Data—(Table Il.) Red cell volume was within the 
normal range in all but four of the subjects. In three men and one woman, 


moderate reduetion of the red eel] volume Was observed. 


TABLE Il. ERYTHROKINETIC DATA 


rOTAI PLASMA IRON PLASMA IRON R.B.C. 

BLOOD R.B.C. DISAPPEAR TURNOVER hes9 R.B.C. 

VOLUME VOLUMI ANCE T% MG./Kg. UTILIZA Cr5i Ti, 
CASI ML./Kg. ML./Kg. MIN. ) DAY rION (% DAYS 
| 73 26 20) 2 80 oS 19.0 
IT 71 22 50 1.40 58 30.0 
IL] 72 23 80 0.84 62 25.5 
LV 58 24 73 1.60 57 18.5 
\ 63 28 64 0.80 63 30.0 
VI 70 30 90 0.65 56 27.9 
Vil 62 29 78 1.00 62 20.8 
VIII 64 20) Qs 1.00 63 27.0 
LX 60 18 17 1.9 12 15.0 


Plasma iron disappearance: The data from which these values were de 
rived are listed in Table III, and the curves are depicted in Fig. 1. In thre 
cases, the plasma iron disappearance half-time was more rapid than normal. Thi 
mean plasma iron disappearance half-time for the group was 64 minutes (norma 
60 to 120 minutes 


TABLE III. DATA FOR DETERMINATION OF PLASMA Fe59 DISAPPEARANCE HALF-TIMES IN 
COUNTS PER MINUTE PER MILLILITER 


PATIENTS 
MINUTES I II II] 1V \ VI VII VIII IX 
T% 30 50 80) 73 64 G0) 78 QS 17 
0 2,480 7,000 1,350 6,300 791 560 3,000 4,750 2,100 
10 6.285 1,308 5.720 173 529 2.713 4,251 1,507 
20 1.720 694 
30 $543 1,117 $492 356 151 2,151 3,928 
60 662 3,193 3,557 241 370 1,672 3,032 305 
65 812 
GO 10 
120 149 1,863 165 2,013 139 277 1,050 2,113 
180 15 1.097 304 66 185 1,428 


Two and 3 inch Na I crystals were used in these studies 
*Counts per minute per milliliter plasma 


Plasma iron turnover: Plasma iron turnover was computed by the formu 
Plasma iron turnover 0.693 « plasma volume x serum Fe (milligrams } 


100 mi.) 24 hours + plasma iron disappearance half-time (hours) + weig 


of patient in kilograms. 
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Number ¢ 
This value was increased in every instance, and averaged 1.8 mg. per kilogram 
per day for the entire group (normal 0.4 to 0.6 mg. per kilogram per day). 

Fe®* utilization: This measurement showed a characteristic abnormality 
in every case. Impaired utilization of administered Fe’ into the cireulating 
erythrocytes was observed with an average of 58 per cent at 14 days (normal 
80 to 95 per cent). Intermediate values were seen between the normal iron 
utilization pattern, and that found by Sturgeon and Fineh' in four cases of 
thalassemia major (Fig. 2 

Red cell survival (red blood cell Cr*! half-time): The data from which 
these values were derived are listed in Table IV and the curves are depicted 
in Fig. 3. The red bleod cell survival, as measured by the red blood cell Cr®! 
half-time, was less than the normal range of 25 to 35 days in five of the nine 


cases. The mean value for the group was 23 days. 


TABLE LV. DATA FOR DETERMINATION OF ERYTHROCYTE-Cr5! HALF-Times (C/M/ML. R.B.C. 


PATIENTS 
DAY | I I} Il 1\ \ VI VIII IX X 
Th 19 30 25.5 18.5 30 27.5 20.8 27 15 
0 260* 1.275 300 5OS 180) POG ?10 TOO 100 
l 1,261 291 IS2 212 200 
ye 265 1,197 929 173 210 689 bS2 
) 24] F 164 
j 1,136 254 19] 176 192 
5 1,068 170 1SO 60S 312 
6 1,027 25) 
7 198 967 160 171 161] 
Ss 997 218 15 9o 1] 243 
v 193 S95 136 141 165 143 
10 S71 140 552 
1] 171 392 146 159 
12 210 145 120 501 211 
] SO) 
14 161 S20 194 367 118 
15 116 140 192 
16 118 116 
17 14 143 151 
LS 700 ISS 312 168 
19 105 
20 114 134 $30 
2] 119 170 270 103 - 
22 648 
24 154 114 86 39] 


*Counts per minute per milliliter red blood cells. 


DISCUSSION 
It is generally believed that the thalassemia syndromes are associated with 
iormal genes which interfere with the synthesis of adult hemoglobin.'! The 
ecule of adult hemoglobin has been demonstrated to consist of two types of 
vpeptide groups called the a and # chains. The strueture of normal adult 
in can therefore be designated a>.” ! Interference with the synthesis 
either of these subunits would result in faulty total hemoglobin synthesis. 


ram has advaneed the theory that the most common type of thalassemia 
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associated with a mutant gene for B-chain synthesis. This **f-thalassemia’’ 


percentage of 
moglobin a 


In a study of erythrokineties in four patients with homozygous thalas- 
mia, Sturgeon and Fineh* demonstrated that the major abnormality con- 


ributing to severe anemia was an inability to fabricate circulating erythrocytes, 


spite intense erythroid activity of the marrow and markedly increased iron 
nover. This abnormality was termed ‘‘ineffeetive erythropoiesis.’’ A 
ere hemolytie process was also invariably present. 

In the present study of nine individuals with heterozygous thalassemia, 
ilar, though less severe, erythrokinetie findings were observed. Hyperplasia 
he erythroid marrow was present and this was reflected in inereased plasma 

turnover. Despite these indications of hyperactivity of the erythron, econ- 
ntly poor iron utilization was observed. The percentage of iron utilization 

intermediate between normal values and those seen in severe thalassemia 
or. Red cell survival as indicated by Cr®! studies tended to be slightly 
tened. 

Some variation in clinical severity was observed within this group and, 

neral, this was paralleled by the degree of erythrokinetie abnormality. 
studies which most closely corresponded to clinical severity were: (1) degree 

ythroid activity in the marrow, (2) reticulocyte count, (3) red blood 
olume, (4) plasma iron turnover, and (5) plasma iron disappearance. 
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Thus, in addition to characteristic morphologic and electrophoretic ab- 
normalities, classie or B-thalassemia trait has a characteristic pattern of erythro- 
kinetic abnormalities as demonstrated by radioisotopie studies. It should prove 
interesting to perform similar erythrokinetie studies on other varieties of 
hereditary hypochromic microcytic anemias such as Lepore trait,’ ' non- 
interacting thalassemia,'’ familial fetal hemoglobinemia,'*'’ and the hemo 
globin H syndromes.*” *! It is controversial whether all of these represent the 
same condition or are due to similar genetic mechanisms. Erythrokinetic 
studies could help to further eategorize the heterogenous group of diseases 


manifested by hereditary microeytic, hypochromie anemia. 


SUMMARY 

Krythrokinetie studies using Cr°' and Fe®® have been performed on nin 
patients with thalassemia trait. The most characteristic findings in this group 
were increased plasma iron turnover, poor iron utilization into the circulating 
red blood cell mass, and slightly shortened red blood cell survival. It is sug 
vested that erythrokinetie studies may provide another parameter for evaluating 
and elassifying the various hereditary micrecytie anemias which are included 
in the thalassemia syndromes. 
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SYSTEMIC AND CORONARY HEMODYNAMIC EFFECTS OF 
SODIUM LACTATE 
GEORGE G. Rowe, M.D., GrorGe M. Maxwe.i, M.D., M.R.C.P., Cesar A. 
CastiLLo, M.D., Skopa Aronso, M.D., Hans P. Gurrner, M.D., 
Carn J. Cueniius, M.D., aNp CHARLES W. Crumpton, M.D. 
Mapison, WIs. 

Molar sodium lactate has been administered to dogs in doses similar to 
those which have been recommended for clinical use for production of cardio 
vascular effects. Observations made before and after its administration re 
vealed that significant increases occurred in heart rate, body oxygen consumption, 
carbon dioride liberation, blood pH, cardiac output, cardiac work, coronary blood 


flow, and cardiac oxygen consumption. The mechanism of these hemodynami 


effects is not clarified. 


OLAR sodium lactate has been recommended for e¢linieal use in cardiac 
M arrhythmias, especially in heart block with excessive bradyeardia, and 
eardiae arrest when restitution of cardiae action is diffieult.!. Good results from 
such therapy have been reported,’ but there are also reports of adverse effects 
characterized by short episodes of ventricular tachyeardia.2 Inquiry into the 
known effeets of lactate reveal that it causes an increase in the oxygen con 
sumption of the kidney,* and the body as a whole,* but information concerning 
the oxygen consumption of the heart is inadequate even though lactate is known 
to be utilized by the isolated heart,® the heart of the heart-lung preparation, 
and of the intact human subject.’ The present study was undertaken to fill in 


some of the gaps in our knowledge of the hemodynamie effeets of this substance 


MATERIAL AND METHODS 


Hemodynamic studies were performed in eleven mongrel dogs that weighed betw 
15 and 32 kilograms. Anesthesia was secured by administration of 3 mg. per kilogram 
morphine sulphate subcutaneously, followed in one hour by 0.25 ml. per kilogram of 
50:50 mixture of Dial-urethane and veterinary Nembutal.* During the ensuing hour after 
the administration of the anesthetic, cardiae catheters were manipulated fluoroscopically i 


the pulmonary artery, coronary sinus, and right atrium and a Cournand needle was placed 


percutaneously into the femoral artery. One hour after the anesthetic was given ear 
From the Departments of Medicine and Pediatrics and the Cardiopulmonary Res¢ h 
Laboratory of the University of Wisconsin, Madison, Wis. 


‘ _ Supported in part by grants from the National Heart Institute, United States Public He: |th 
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Received for publication Jan. 14, 1960. 
*Dial-urethane, furnished by the courtesy of the Ciba Pharmaceutical Products, 
Summit, N. J., contains Dial 100 mg. per milliliter, monethyl urea 400 mg. per milliliter, ind 


urethane 400 mg. per milliliter. Veterinary Nembutal contains 60 mg. per cubic centimete: of 
pentobarbital. 
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output was determined by the Fick principle; expired air was collected for a total of 5 
minutes in a Tissot spirometer, and coronary blood flow was determined by the nitrous oxide 
saturation method. Central venous pressure was measured by the eardiae catheter, with 
its tip in the right atrium. All pressures were recorded with Statham strain gauges and 
means were determined by electrical integration. In some animals pressures were re 
corded by means of a Sandborn Poly-Viso and others by the Gilson macropolygraph. Cardiac 
rate was measured from an appropriate electrocardiographie lead. Blood oxygen contents 
were determined by the Van Slyke-Neill method. Nitrous oxide analyses were done by the 


method of Oreutt and Waters, and analyses for oxygen and carbon dioxide in the expired 


air by the method of Scholander. Whole hlood pli was determined by the Cambridge mode! 
R pH meter. Formulae for calculation of cardiae work, ete., are those generally used as 
outlined by Foltz.8 Molar sodium lactate was administered to the dogs as a ‘*priming dose’’ 


of 1 ml. per kilogram of hody weight, given approximately t to 5 minutes before the begin 
ning of the second determination of eardin output and = the animals were given a con 


tinuous infusion of molar sodium lactate at the rate of 1 mi. per minute beginning with the 


‘*priming dose’’ and continuing throughout the termination of cardiac output and coronary 
blood flow. The priming dose of molar lactate was given into the right atrium or the 
oronary sinus, whereas the continuous administration was done through a eannulated periph 
eral vein. 

RESULTS 


Results of this study are summarized in Table I. It is seen that there was 
eardiae acceleration p < 0.05), but no significant change in mean blood pres- 
sure in the systemic or pulmonary arteries or in the right atrium. No episodes 
of serious eardiae arrhythmia were produced. The minute volume of respiration 
increased significantly (p < 0.05) as did oxygen consumption (p < 0.01) and 
earbon dioxide exeretion ip < 0.01), but the hod, respiratory quotient re- 
mained unehanged. Although the arterial blood oxygen content deereased 
slightly and the mixed venous blood oxygen content rose slightly, the changes 
were not significant. Tlowever the resulting narrowing of the arteriovenous 
oxygen difference was significant (p < 0.02). The coronary sinus blood oxygen 
content was unchanged and the arteriocoronary sinus oxygen difference the same 

in the eontrol. Although the ecoronars sinus carbon dioxide eontent in- 
creased significantly (p < 0.001) the increase in the coronary sinus-arterial 
carbon dioxide difference was not statistically significant beeause of variability 
0! the arterial earbon dioxide content. The arterial hematoerit fell significantly 
0.02) and although the arterial hemoglobin decreased this decrease was 


s! cht and not significant. Arterial and coronary sinus blood pH increased 


Si:nifieantly (p < 0.001). Cardiae output inereased by 30.8 per cent (p < 
OCO1), whereas total peripheral resistanee decreased significantly (p < 0.001) 
al! total pulmonary resistance deereased (p < 0.01). The left ventricular 
\ inereased by 35 per cent (p < 0.01) and right ventricular work by 32.6 
po eent (p < 0.1). Coronary blood flow inereased 19.8 per cent (p < 0.05), 
W! reas myoeardial oxygen consumption increased 19.5 per cent (p < 0.05). 


mtrast to the significant deerease in peripheral resistance, coronary vas- 
resistance decreased slightly but not significantly and cardiac efficieney 


It ised slightly but not significantly. 








S76 ROWE ET AL. J. 1 & Clin. Med 


December, 1960 
TABLE I. Errects oF Mo.Lar Sopium LAcTATE 
EXPERI 
CONTROL MENT Te p 
PARAMETER + S.E.M.* ‘enum CHANGE | VALUI 
Heart rate 83+6.5 97 + 6.1 + 16.9 < 0.05 
Mean systemic arterial blood pressure (mm. Hg 114+ 3.3 118 + 2.5 + S <2 
Mean pulmonary arterial blood pressure (mm. Hg) 12 + 0.7 12+0.9 +25 << 0.6 
Mean right atrial blood pressure (mm. Hg) 2.6 + 0.7 2.4+0.7 14 <6) 
Minute volume of respiration (L./min.) 3.7 + 0.4 4.2+0.4 13.5 < 0.05 
sody oxygen consumption (ml./min. 117 +8.7 129+10.8 +105 < 0.01 
Carbon dioxide excretion (ml./min. 104 + 9.0 1144104 4+ 96 < 0.01 
Respiratory quotient 0.88 + 0.02 0.87+0.02 - 11 <0.9 
Arterial oxygen (ml./100 ml. blood 16.2 + 0.6 15.8 + 0.7 lo < Oe 
Mixed venous oxygen (ml./100 ml. blood 11.5 + 0.6 11.9 + 0.5 t+ 35 < 0.5 
Arteriovenous oxygen difference 
(ml./100 ml. blood 1.7+0.3 9+ 0.2 17.0 < 0.02 
Mixed venous carbon dioxide (ml./100 ml. blood Sta 2 3.7 1.0 + 1.7 0.6 <<O04 
Arterial carbon dioxide (ml./100 ml. blood Me pe oe Be 4 WStWs <= G4 < Bi 
Coronary sinus oxygen (ml./100 ml. blood 3.8 + 0.4 3.7 + 0.4 26 <08 
Coronary sinus carbon dioxide (ml./100 ml. blood) 57.2 + 1.8 61.1+1.8 6.8 << 0.001 
Arterial hemoglobin (Gm./100 ml. blood) 13.7 + 0.4 13.4 + 0.5 29 < 0.05 
Arterial hematocrit 7 13+1.4 41+1.5 1.7 < 0.02 
Arterial pH 7.29 + 0.02 7.30 + 0.02 + 05 < 0.001 
Coronary sinus pli 7.23 + 0.01 7.299+0.02 + O08 < 0.001 
Cardiac output L./min. ) 26+062 3.3 + 0.2 + 30.8 << 0.001 
Total peripheral resistance (C.G.S. units) 3828 + 332 2983 + 224 22.0 < 0.001 
Total pulmonary resistance (C.G.S. units 395 + 40 304 + 26 — 23.38 < 0.01 
Left ventricular work (Kg. M./min.) 4.0+ 0.4 5.3 + 0.4 +350 < 0.01 
Right ventricular work (Kg. M./min. 0.4 + 0.04 0.640.006 +326 <0.1 
Coronary blood flow (ml./100 Gm. of myo 
cardium/min. ) 91+8.1 108 + 9.6 t+19.8 < 0.05 
Myocardial oxygen usage/100 Gm./min. 10.9+0.8 12.9 + 0.9 +19.3 << 0.05 
Cardiae respiratory quotient 0.89 + 0.02 0.94+0.02 + 5.6 << 0.1 
Coronary vascular resistance (units 1.35 + 0.12 116+0.08 -146 <0.1 
Index of efficiency (units 0.38 + 0.04 0.42+0.03 +105 < 0.1 


*In each case the + figure is the standard error of the mean of the observation. 


DISCUSSION 


Lundholm* showed that in unanesthetized rabbits, administration of pt 
lactate in a dose of 10 mg. per kilogram per minute increased cardiac output 
and total body oxygen consumption. This result coupled with data showine 
an inerease in blood lactate level subsequent to epinephrine administratior 
eaused him to speculate that many of the hemodynamic and metabolie effects 
of epinephrine might be mediated through liberation of lactie acid.) Bearn and 
associates® aseribed to this thesis in relation to the increase in hepatie blood flo 
which is produced by epinephrine since its administration eaused an elevatio! 
of the blood lactate level and an inerease in hepatie blood flow, whereas a: 
ministration of norepinephrine caused no change in blood lactate level and no 
change in hepatic blood flow. Furthermore the inereased splanehnie oxyeg: 
consumption and blood flow was related directly to the blood lactate level.” 
should be emphasized that the similarity of hemodynamie and metabolie effec's 
of epinephrine and lactate are qualitative only since the former is mueh m 
active and the evidence linking their action is circumstantial. 

The present study indicates that administration of molar sodium lactate in 
a dose comparable on a body weight basis to that reeommended by Bellet and 
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associates for treatment of cardiac asystole, bradyeardia, and various arrhyth- 
mias is associated with a significant increase in eardie output and coronary blood 
flow. Previous investigations by Bellet and associates’ indicate that in anes- 
thetized dogs coronary blood flow as determined by the Morawitz cannula did 
not change significantly with intravenous administration of doses of less than 
0.5 ml. per kilogram per minute of molar sodium laetate. Doses higher than 
this were associated with increased coronary blood flow, decreased arterial blood 
pressure, decreased foree of myoeardial contraction, and electroeardiographie 
changes consistent with hypopotassemia. There has been some discussion as to 
the aeceeptability of data derived by use of the Morawitz eannula™ and the 
present study was done by the nitrous oxide method where accuracy checks 
reasonably well with the bubble flow meter!’ and rotameter.' 
The inereased oxygen consumption of the heart and the body as a whole 
which are demonstrated in the present study are compatible with previous re- 
sults in man, indicating that total body'! and renal oxygen consumption are 
increased by lactate administration,’ and with animal experiments showing 
increased body oxygen consumption.* It seems reasonable that some of the 
inerease in oxygen consumption of the heart may be produced by inereased 
left ventricular work and some by inereased myocardial lactate consumption 
since previous studies have indicated a direct relation between myoeardial lae- 
tate extraetion and arterial lactate level.’ Whether the lactate produces its 
effeet through entering the Krebs evele directly as has been suggested,'’ or 
whether its hemodynamic effeets may be attributed to the hypertonicity of the 
solution, changes in blood volume, changes which it produees in pH, the sodium 
ion, or other unrecognized factors has not been determined by this study. 
Further experiments are in progress which may elarify its mechanism of action. 
It is interesting to speculate what the effect would be from the inereased 
inyoeardial oxygen consumption which has been demonstrated in this study if 
were to occur in the presence of coronary arterial disease of such severity 
at the flow to the myocardium is limited and myocardial oxygenation marginal. 

lt is possible that such considerations may explain the adverse effects of lactate 
lministration whieh have been reported. 


SUMMARY 


1. Administration of molar sodium lactate to anesthetized dogs under the 
conditions of these experiments produces inereased oxygen consumption and 
eorbon dioxide elimination as well as inereased eardiae output. 

2. Caleulated total peripheral resistance and total pulmonary resistance 
reduced, whereas right and left ventricular work are moderately increased. 


4. Coronary blood flow and myoeardial oxvgen consumption increase. 
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CTHTRONTC TOXOPLASMA INFECTION IN THE UTERUS 
JACK S. REMINGTON, M.D., Marsorre L. Meuron, B.A.. 


AND LEON Jacoss, PH.D. 
BETHESDA, Mp. 


Uterine tissue obtained at 


auto} Su {9 Spectrmens Oo} 


gave positive dye test 


husterectomy 
1 f ) 
CASCS) rom 


women “ hose S ad 


was tested for the 


- ) 
eactions for toroplasmos s 


presence of Toxo} lasma custs. The procedure involved di 
gestion in artificial gastric we Por pl, hours, filtering throwah cheesecloth, 
centrifudation and ’ ash id salin and on lation oT mice u ith the re- 
SUS pe ndcd sediment. 

In 4 cases (1 autopsy and hustercetomy Toxoplasma was demonstrated 
in the reciprent mice eith at the death ¢ t} mice or by subinoculation o7 
eramination of their tissucs afte the de) stration of due test antibodies. It 
is definite that these were ene usted forms, because p oliferative parasite s would 
not have Su ived diadest On, Th pati fs howed lou stabli dye test tite rs, 
indicating little if anu reaction to the custs. The obs elation of these data 
to human discase is discussed bri: fly 


N a brief preliminary report by Remington and coauthors' we announeed the 


demonstration of Toxoplasma eysts in the uterus of a woman who died from 
heart disease. This finding was made early in the course of a study initiated 
with material obtained post mortem from women whose serum reacted positively 
in the dye test for toxoplasmosis. We had been stimulated to seareh for Toxo 
plasma in this loeation beeause, in the course of experiments on congenital trans- 


lission during chronie infection in mice and rats, we had found residual infee- 


ion in the uterus of some of the mothers. 


The procedure as originally set up was to obtain tissue from the uterus, 


eart, psoas musele, brain, and serum at autopsies performed at the Suburban 
'lospital, Bethesda, Maryland.* After the first positive finding, we decided it 
uld be more profitable to obtain uterine tissue from living patients so that 


rologie test results eould be checked, if necessary, and information obtained 
the patient and her children. Therefore the study of postmortem tissues was 
scontinued after only 9 specimens had been tested. We then made arrange- 
nts with Columbia Hospital for Women, Washington, D. C., to obtain uterine 
sue at hysterectomies.t The present article reports the results obtained on 
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a series of these specimens, which already gives us some idea of the prevalence 


of residual uterine Toxoplasma infection and poses some interesting questions. 


MATERIALS AND METHODS 


The tissue obtained at operation was brought to the laboratory fresh, and was stored 
at 4° C. until a dye test for toxoplasmosis could be performed on the serum. The dye test 
was usually performed within 24 hours, using a single tube with a 1:16 dilution of the serum. 
If this was positive, the tissue was processed for inoculation into mice in accordance with 
the digestion technique of Jacobs and Melton? as follows: all of a normal-sized uterus, or 
up to 70 grams of tissue from uteri with various pathologie conditions such as leiomyoma, 
was ground in a manual meat grinder and suspended in 1,500 ml. of artificial gastrie juic 
The gastric juice was prepared by dissolving 4 Gm. pepsin (Difco, 1:10,000), 7.5 Gm. sodiun 
chloride, and 10.5 ml. concentrated hydrochloric acid in water to a volume of 1,500 ml. The 
suspension was placed on a magnetic stirring apparatus at 37° C. and was allowed to digest 
for 1% hours. It was then strained through cheesecloth, to eliminate large particles of un 


digested residue, into 250 ml. centrifuge eups, and centrifuged for 15 minutes at 2,500 r.p.m. 
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Fig. 1 Toxoplasma cyst in a smear of brain from a mouse (PAS stain.) 
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Fig. 2.—Toxoplasma cyst in a smear of brain from a mouse. The cyst was ruptured in 
smearing procedure. (PAS stain.) 
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in the International centrifuge No. 2 head No. 239. The 


sediments from the bottles were 
pooled and then washed by resuspension 1 


n normal saline solution and recentrifugation. The 


approximately twice its volume of saline and 1 ml. 
was injected intraperitoneally into each of 10 to 


washed sediment was then resuspended in 


LD mice, 
The mice were observed for 1 to 8 months. Any animals that died were examined for 
the presence of organisms by means of wet smears of peritoneal exudate, if any, and Giemsa 
stained impression smears of liver, spleen, lung, and brain. These tissues were also triturated 
and subinoculated into fresh mice. 


Survivors were bled from the orbital sinus 1 to 3 months 


for toxoplasmosis was performed on a 1:16 dilution of 
the serum. If the serologie test was 


after inoculation, and the dye test 
positive, the mice were killed, their brains were ex 
amined for the presence of eysts by means of smear preparations 


Figs. 1 and 2), and the 


tissues were subinoculated into fresh mice. 


RESULTS 

Fifty-four specimens were received from Columbia Hospital for Women. 
These were obtained from a series of consecutive operations without regard to 
the patient’s age, type of disease, history, or race. The serum specimens from 
23 of the patients had positive reactions in the dye test, and the uterine tissue 
was therefore processed as described. The results are summarized in Table I. 

In three instances, T'oroplasma gondti was isolated from the uterine tissue 
obtained at hysterectomy. In all of these cases the parasites were of low 
virulence; they did not cause death of the inoculated mice. Toxoplasma eysts 
were demonstrated in all 3 instances in the brains of mice which showed posi- 
tive dye tests. Triturated brain tissue from these mice readily produced in- 
fection in subinoeulated mice. (The parasites from the positive autopsy ease 
reported earlier readily killed mice. 

The NIH ‘‘ general purpose’’ mice that were used for these isolation studies 
have never been shown to have spontaneous Toxoplasma infections. Therefore, 
the presence of antibodies, and of eysts in the brains of the mice inoculated with 
the digests was accepted as evidence of the infectivity of the inocula. 

The dye test titers given in Table I represent the results of parallel tests 
lone on all the positive serum specimens in the survey after the screening tests 
vere completed. 

Of the 3 eases found positive, two women had borne 7 and 3 children, 
espectively, in the same number of pregnancies. There was no clinical evidence 
f toxoplasmosis in these mothers or their children. The third woman had been 
regnant 8 times and had regularly had misearriages between the second and 

urth month; she produced no viable offspring. 


DISCUSSION 


The results of this survey are sufficient to establish the fact that the per- 
stence of 7. gondii in uterine tissue is a relatively frequent occurrence in 
omen with serologie evidence of past exposure to this parasite. In total, of 
9 autopsy and 23 operative cases, + or 12.5 per cent were parasitologically 
sitive. Since it was not possible to test all of the tissue received, and since 
oxoplasma eysts may be sparsely and irregularly distributed, it is possible 
at we did not discover all positive cases. 
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TABLE I Dye Test TITERS AND PARASITOLOGIC FINDINGS IN Utrert OBTAINED AT 
HYSTERECTOMY 
DYE TEST TITERS PRESENCE Ot 
PATII \4 ACT PRESURGICA POSTSURGLIOCA PONOPLASMA 
O11 ie White 1:?56 a 
OO9 ot White 1:512 ) 
O39 D0 Negro 1:256 0) 
12S 38 White 1:64 0) 
129 37 White 1:256 0 
18 1S White 1:64 0 
ys yi | White 1:16 () 
233 +2 White 1:1,000 0) 
242 39 White 1:256 0 
267 1H White 1:16 0 
15 64 White 1:64 0 
16 12 White 1:1,000 0 
IS 14 White 1:16 1:16 Positive 
78 S White 1:64 0 
386 | White 1:256 0 
389 15 White 1:64 0 
115 iF) White 1:64 Positive 
116 White 1:64 0 
16 tS White 1:64 1:64 Positive 
14 OS White 1:256 0 
107 +4 White 1: 256 7) 
D501 1 White 1:64 0) 
503 8 Negro 1:128 0 
The patl ! ! myoma ! met perpl 


It is definite that these were Gases of residual infection. Toxoplasma in its 


proliferative form, which is found in the acute stage of infection, is not resistant 
to the action of artificial gastrie juice. The digestion would have destrove 


proliferative forms in the tissue. 


The eneysted form of the parasite, on the 
other hand, ean survive the action of artificial gastric juice for at least 2 hours 


Cysts are known to persist in skeletal muscle and brain for relatively lon: 


periods. 


It is of considerable interest that all 3 patients from whom Toxoplasma was 
isolated showed low dve test titers. Serum was obtained from 2 of the patients 
about 2 months after surgery and tested in parallel runs with the previous 


specimens; in both eases the titers were stable. Antibody levels such as 1:16 


to 1:64 are commonly encountered in the general population. Prior to t! 
present demonstration of cysts in uterine tissue, it has generally been assumed 
that low antibody levels associated with persistent infection were due to t! 
localization of the parasite in such sites as the brain and eye, where physiolog 
barriers inhibit diffusion of antigen. It is now obvious, from our present dat 
that cysts located in the extraneural viscera also do not stimulate antibody p 
duction. There is no cellular reaction around intact eysts, and it is likely t! 
only when a cyst is disrupted is there an antigenie stimulus. 
The relation of these data to human disease is obseure. It is probable, 
view of the low antibody levels, that the Toxoplasma eysts were dormant aid 
were not responsible for pathologie processes in the uterus. While it 


is 2 
erally believed that the congenital transmission of toxoplasmosis oceurs dui 
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the acute stage of infection in the mother, the presence of the cysts in the uterus 
may indieate the possibility that occasionally a chronically infeeted mother ean 
transmit the infection congenitally. 

Ifypothetically, this could occur without a generalized exacerbation of toxo- 
plasmosis in the mother, sueh as has been postulated by Weinman,' but by 
transport of a cyst or its parasites across the placental barrier. It must be 
emphasized that this is pure hypothesis.” It appears that the statistical chances 
would be low for a mother to bear more than one toxoplasmie child in separate 
pregnancies. The elinieal histories gathered by Feldman’ and Eichenwald and 
Levine’ have not shown a single instance of such an occurrence. 


SUMMARY 


Four cases of residual Toxoplasma infection in the human uterus were found 
in material obtained at 9 autopsies and 235 hysterectomies from patients whose 
serum showed Toxoplasma antibodies. The parasites were eneysted forms, which 
apparently stimulated little antibody formation, since the patients had low 
stable dve test titers. The relation of these data to human disease is obseure. 
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INHIBITION OF GLUTATHIONE REDUCTASE BY NITROFURANTOIN 


James A. Buzarp, Pu.D., FRANK Korxko, Pu.D., AND Mary F. Pau, Pu.D. 
NorwWICH, N. Y. 


Nitrofurantoin has been reported to be one of a number of structurally 


irclated druads capabl of inducing intravascular hemolysis in primaquine-sensi 
five individuals. The prese nt results demonstrate that nitrofurantoin added in 

tro can inhibit the alutathione reductase activity of hemolyzates prepared from 
the cruthrocytes of S&S SPCCtes, including those from normal and PrEeMaq{urne-senst 
live human beings. The addition of primaquine, su'fanilamide, acetylphenyl 
hudrazine, or aectanilide in vitro, or chronic administration of nitrofurantoin in 
the dict had no effect upon the glutathione reductase activity of rat hemolyzates. 
The in vitro inh bitory effect of nitrofurantoin in hi molyzates was found to be 


reversible upon dialus’s. The possible significance of these results to the 


. ) 
mechanism of the induction of hemolysis in primaquine-se nsitive individuals is 


considered. 


ITROFURANTOIN*® has been reported to be one of a number of structurally 
unrelated drugs whieh are capable of inducing intravascular hemolysis in 
primaquine-sensitive Negroes. Incubation of the erythrocytes of sueh individ 
uals with nitrofurantoin causes a marked lowering of the glutathionet concen 
tration,’ a result also demonstrable with several other drugs which can produc 
clinical hemolysis.°. This finding, coupled with the demonstration that thi 
erythrocytes of primaquine-sensitive individuals are deficient in g@lucose-6-phos 
phate dehydrogenase,* suggested that an investigation of the possible effects ot 
nitrofurantoin on elucose-6-phosphate dehydrogenase and glutathione reductas 
reactions | and 2) would be pertinent. 

G-6-P + TPN* => 6-P-eluconolactone + TPNH + H* 1) 

GSSG + TPNH + Ht — 2 GSH + TPN* (2) 

The results obtained demonstrate that nitrofurantoin, at concentrations 
which may be achieved clinically in the plasma, has no effeet upon the glucos: 
6-phosphate dehydrogenase activity but inhibits the oxidized glutathione 1 
duectase activity of the erythrocytes of a variety of species. The implication 
this finding to the induction of intravascular hemolysis in primaquine-sensiti 
individuals is discussed. 


From the Biochemistry Section, Eaton Laboratories, Division of The Norwich Pharma 
Company, Norwich, 

Received for publication Feb. 10, 1960 

*Furadantin is the registered trademark of Eaton Laboratories for nitrofurantoin. 

‘The following abbreviations are employed: glucose-6-phosphate (G-6-P), 6-phospho: 
conolacione (6-P-gluconolactone), 6-phosphogluconate (6-P-gluconate) reduced glutathi 
(GSH), oxidized glutathione (GSSG), oxidized triphosphopyridine nucleotide (TPN+), redu 
triphosphopyridine nucleotide (TPNH), ethylenediaminetetracetic acid (EDTA), and tris 
droxymethyl aminomethane (Tris). 
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MATERIAL AND METHODS 


Hemolyzates of rat erythrocytes were prepared from heparinized whole blood as soon 
as possible after collection. The whole blood was diluted with an equal volume of heparinized, 
isotonic potassium chloride solution containing M/15 K,HPO,, pH 7.4 (75 per cent KCl 
solution, 25 per cent buffer), centrifuged, and the packed cells were resuspended and washed 
twice with buffered potassium chloride. After the final washing, the cells were suspended 
in four volumes of buffered potassium chloride solution and 


an aliquot was withdrawn for 
estimation of packed cell volume. 


The suspended cells were rapidly frozen and thawed twice 
and the debris was centrifuged off and discarded. The clear supernatant was employed as 
the source of both glucose-6-phosphate dehydrogenase and oxidized glutathione reductase 
and is hereafter referred to as the ‘‘hemolyzate.’’ Hemolyzates were prepared from the 
erythrocytes of other species in the same manner except that citrate was employed as an 
anticoagulant with some human bloods. Small laboratory animals were etherized during 
bleeding. The addition of 0.2 ml. of hemolyzate represented the addition of 0.03 to 0.05 ml. 
of packed erythrocytes, 

Tissue homogenates were prepared and diluted in buffered potassium chloride solution 
to yield oxidized glutathione reductase concentrations which were limiting under the con- 
ditions employed in the ineubation mixture. For example, the kidney homogenate used 
contained ( 


. mg. of tissue per 0.2 ml., while the muscle homogenate contained 11.0 mg. 
per 0.2 ml. 


Incubations were carried out in air at 37.5° C. for the indicated periods. The incubation 
mixtures were deproteinized with metaphosphorie acid and glutathione was determined in the 
supernatant by Beutler’s modification? of the nitroprusside method of Grunert and Phillips.4 
Reduced triphosphopyridine nucleotide and diphosphopyridine nucleotide were estimated 


spectrophotometrically at 340 my in a 1:10 dilution of aliquots of the incubation mixtures. 


RESULTS 
lor an evaluation of the over-all effeets of nitrofurantoin on the maintenance 
of reduced glutathione in blood, glucose-6-phosphate, TPN*, and oxidized gluta- 
thione were incubated with hemolyzates prepared from washed rat erythrocytes. 
An inhibition of reduced glutathione formation by nitrofurantoin was observed 
vhen this coupled system (reactions 1 and 2) was employed (Table I). Similar 
esults were obtained if 6-phophogluconate was substituted for glucose-6- 
phosphate as the electron donor. The direct demonstration that nitrofurantoin 
ad no effeet on the glucose-6-phosphate dehydrogenase activity of the hemoly- 
ite (Table 1) indieated that the inhibition observed in the coupled reaction 
presented an inhibition of oxidized glutathione reductase. 
Although these results implied that nitrofurantoin might be acting directly 
n oxidized glutathione reductase, it was necessary to view this assumption with 
ution since several alternate possibilities existed which could produce the 
me net results. Asnis® has reported the presence of a TPNH utilizing system 
Escherichia coli which reduced nitrofurazone, another nitrofuran, and re- 
ited in a loss of the major absorption maximum at 375 mp. Reduction of 
rofurantoin by preparations of Aerobacter acrogenes has also been shown to 
accompanied by a loss of the absorption maximum of this compound.” That 
‘ apparent effect of nitrofurantoin on oxidized glutathione reductase was not 
to diversion of TPNH for reduction of the drug was indicated by the 
bility of nitrofurantoin to interfere with TPNH accumulation in the glucose- 
‘hosphate dehydrogenase system (Table I) and by the observation that the 
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TABLE I, Errect OF NITROFURANTOIN ON THE GLUCOSE-6-PHOSPHATE DEHYDROGENASE COUPLED 
OXIDIZED GLUTATHIONE REDUCTASE AND GLUCOSE-6-PHOSPHATE DEHYDROGENASE ACTIVITY OF 
RAT HEMOLYZATES 


NITROFURANTOIN | } 
REACTION (5 MG./L.) ACTIVITY INHIBITION 


‘*Coupled’’ 28.0* 
reactions 1 and 2 + 10.4 62.9% 
G-6-P 12.21 
dehydrogenase + 12.2 0 


*Reduced glutathione formed during a 30 minute incubation at 37.5° C. in air at pH 7.4 
The system contained neutralized glucose-6-phosphate, 2.25 wM; neutralized oxidized gluta 
thione, 3 uM: TPN*, 0.08 uM: Tris buffer, 315 wM: EDTA, 30 uM; 0.3 ml. rat hemolyzate in 
a final volume of 4.2 ml, pH 7.4. Activity expressed as micromoles reduced glutathione formed 
per hour per milliliter erythrocytes. 

+Formation of TPNH as measured by increase in absorbance at 340 my in a system con 
taining neutralized glucose-6-phosphate, 2.5 4M; TPN+, 0.7 4M; MgClh, 50 uM; glycylglycine 
buffer, 125 4M; 0.025 ml. rat hemolyzate in a final volume of 2.5 ml. incubated at room tempera 
ture for 20 minutes in air, pH 7.6. The activities cited were calculated from the 5 to 15 minute 
interval and expressed as AA per minute per milliliter erythrocytes 


TABLE II. INHIBITION OF RAT HEMOLYZATE OXIDIZED GLUTATHIONE REDUCTASE BY 
NITROFURANTOIN 


TPNH GSH 
DISAPPEARANCE FORMATION 
ADDITIONS (uM ) | (fM 
None 0.385 0.72 
Nitrofurantoin 
5 mg./L.) 0.16 0.33 
Incubation mixture contained neutralized oxidized glutathione, 2 4M: TPNH 0.6 uM 


ethylenediaminetetracetic acid, 10 uM; Tris buffer, 140 uM; 0.2 ml. rat erythrocyte hemolyzate 
in a final volume of 2.0 ml. incubated at pH 7.4 for 30 minutes, 37° C. in air 


TABLE III. RELATION OF NITROFURANTOIN CONCENTRATION TO INHIBITION OF RAT HEMOLYZATI! 
OXIDIZED GLUTATHIONE REDUCTASE 


INHIBITION OF 


NITROFURANTOIN CONCENTRATION GSH FORMATION 


MG./L. MOLARITY «= 10 (%) 

0.5 0.2 8 
1.0 0.4 18 
20 0.8 °6 
5.0 2.0 37-54 
10.0 4.0 52 
20.0 8.0 61 
25.5 12.0 70 
50.0 20.0 S7 

100.0 10.0 93 


Conditions: same as for Table II, with exception of nitrofurantoin concentrations, as note 


characteristic absorption maximum of nitrofurantoin was not altered in_ the 
coupled system. A second possibility, enzymatic or nonenzymatie oxidatio) 
of reduced glutathione by nitrofurantoin in a manner similar to that reporte: 
for nitroglycerin,* was eliminated on the basis of subsequent studies. 

The oxidized glutathione reductase activity of rat hemolyzates was invest 
gated by ineubating these preparations with substrate amounts of reduc 
glutathione and enzymatically prepared TPNH. In Table II it can be seen th: 
nitrofurantoin inhibits both TPNH utilization and reduced glutathione form 
tion so that the required stoichiometry (reaction 2) of 1 TPNIL:2) reduc 
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TABLE IV. INHIBITION OF OXIDIZED GLUTATHIONE REDUCTASE OF NORMAL AND PRIMAQUINE 
SENSITIVE HUMAN HEMOLYZATES BY NITROFURANTOIN 


TIME NITROFURANTOIN MM GSH FORMED/ML. RBC. 
( MIN.) (5 MG./L.) NORMAL | PRIMAQUINE-SENSITIVE 

10 0.36 0.68 

+ 0.10 0.13 

20 0.72 1.11 

r 0.26 0.24 

30 1.04 1.47 

' 0.28 0.39 


Conditions: same as for Table II, except for incubation times as noted and substitution of 
indicated human hemolyzate for rat hemolyzate Results are typical of those obtained on 3 
normal and 5 primaquine-sensitive hemolyzates 


TABLE V. INHIBITION OF THE OXIDIZED GLUTATHIONE REDUCTASE ACTIVITY OF VARIOUS RAT 
TISSUES By NITROFURANTOIN 


GSH FORMED 


uM /GM./HR. INHIBITION 


TISSUE CONTROI NITROFURANTOIN % 

Erythrocytes 35 18 18.6 
Liver 1,SS80 163 75.4 
Kidney 2,340 745 68.2 
Heart 138 16 66.6 
Brain 209 9] 51.7 
Lung 183 183 62.2 
Testis 124 65 17.6 
Skeletal muscle 166 52 68.6 


Conditions: same as for Table II, except as noted in Methods section. 
TABLE VI. REVERSAL OF NITROFURANTOIN INHIBITION OF OXIDIZED GLUTATHIONE REDUCTASE 
ACTIVITY OF RAT HEMOLYZATES 


GSH FORMED 
uM/ML. R.B.C./ HR, ) 


SYSTEM CONTROI NITROFURAN TOIN IN HIBITION 
Control 54.8 30.0 38.0% 
Redialyzed after first incubation if BY 71.7 0 


Control as for Table II, except that dialyzed hemolyzate was employed and incubation 
ume was doubled to 4.0 ml. (all final concentrations as in Table IT). After initial 30 minute 
cubation 2.6 ml. aliquots of both mixtures were dialyzed twice in the cold for 5 hours against 
0 ml. of buffered EDTA. \ 1.8 ml. aliquot of each of the dialyzed mixtures was reconstituted 

2.0 ml. by the addition of fresh oxidized glutathione and TPNH solutions and the mixtures 


ere reincubated for 30 minutes, 37° C. in air 


litathione is maintained. This observation eliminates the possibility of reae- 
ms diverting either TPNH or reduced glutathione and demonstrates a direet 
ibition of the oxidized glutathione reductase activity of rat hemolyzates by 
trofurantoin. Table IIL illustrates the relation of nitrofurantoin coneentra- 
n to oxidized elutathione reductase inhibition with rat hemolvzates. 

The reduced glutathione reductase activity of normal and primaquine-sensi- 
‘human erythroeytes* was similarly inhibited by nitrofurantoin (Table IV). 
e increased oxidized glutathione reductase activity of the primaquine-sensitive 
iolvzates observed in these studies is in agreement with the report of Schrier 


*Samples of primaquine-sensitive whole blood were obtained through the generosity of 
\lf S. Alving of the University of Chicago. 
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and associates. Hemolyzates prepared from the erythrocytes of mice, rabbits, 
dogs, chickens, guinea pigs and monkeys were also found to possess oxidized 
glutathione reductase activity which was inhibited by nitrofurantoin. 

As cited earlier, nitrofurantoin is but one of many drugs whieh are capable 
of indueing intravascular hemolysis’ in primaquine-sensitive individuals. <A 
number of other drugs in this series were investigated to determine whether 
inhibition of one of the enzymie reactions involved in reduced glutathione 
maintenance in the erythroeyte might be a common factor. Primaquine, sul 
fanilamide, acetylphenylhydrazine, and acetanilide all were without effeet on 
the glucose-6-phosphate dehydrogenase or the oxidized glutathione reductase 
activity of rat hemolyzates when added in concentrations as high as 200 mg. 
per liter. 

Since oxidized glutathione reductase activity is widely distributed in animal 
tissues,’ it was of interest to determine the effect of nitrofurantoin in a number 
of rat tissues. As can be seen in Table V, nitrofurantoin inhibited the oxidized 
glutathione reductase activity of all 8 rat tissues examined. The control values 
reported for the various tissues are in reasonable agreement with those of 
Rall and Lehninger.’° 

The reversibility of nitrofurantoin inhibition of rat hemolyzate oxidized 
glutathione reductase activity was investigated. It was found that treatment 
with Norite or dialysis against tap water could partially reverse the inhibitory 
action, but losses of activity accompanying these procedures when applied to 
the standard hemolyzate (see Methods) complicated the study. When the 
standard hemolyzate was dialyzed against buffered EDTA* before being used, 
a second dialysis could completely reverse the nitrofurantoin inhibition (Table 
VI). 

Although nitrofurantoin added in vitro is an effeetive inhibitor of the 
oxidized glutathione reductase activity of rat tissues in concentrations as low 
as 10°°M, acute or chronie administration of the drug failed to have a detectable 
effect on this activity. Feeding a stock laboratory diet supplemented with 0.5 
per cent nitrofurantoin to rats for 7 months had no effect on the oxidized 
glutathione reductase activity of hemolyzates prepared from the erythroeyvtes 
of these animals, even though this dietary intake is sufficient to markedly 
impair other enzymatie functions in rat tissue! From the results presented 
here it eannot be assumed that in vivo inhibition of oxidized glutathione 1 
duetase by nitrofurantoin does not take place, since the erythrocytes wer 
washed several times before being lysed. 


DISCUSSION 
The results reported demonstrate that nitrofurantoin is unique amon: 
several drugs which may induce intravascular hemolysis in primaquine-sens 
tive individuals in that it ean be shown to have a direct effect on glutathior 
reductase in vitro, one of the enzymie activities known to be altered significant 
in the erythrocytes of such persons. The observation that measurable inhibitiv 


*About 6 ml. of hemolyzate dialyzed overnight in the cold against 2 L. of a solution wl 
was 0.067M in Tris pH 7.4, and 0.005M in EDTA. 
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is obtained with nitrofurantoin concentrations as low as 2.5 mg. per liter 

10°M) is of interest sinee such concentrations can be expected in human 
plasma after therapeutic doses of nitrofurantoin.’*: 7° The reversal of the in- 
hibition by dialysis demonstrates that nitrofurantoin is not bound firmly to the 
enzyme and is in agreement with the eclinieal observation of the reversibility 
of intravascular hemolysis upon withdrawal of the drug.! 

Although the list of biochemical abnormalities detected in the erythrocytes 
of primaquine-sensitive individuals''*° suggests that more than glutathione 
may be involved in the peculiar susceptibility of these cells to hemolysis in the 
presence of certain drugs, evidence is now available which permits speculation 
on the mechanism of action of nitrofurantoin in this regard. Carson and his 
co-workers® demonstrated that the erythroeytes of such individuals are deficient 
in glueose-6-phosphate dehydrogenase activity, and it has been pointed out by 
Beutler and coauthors’® that this defect is probably related to the apparent 
instability of glutathione in drug-sensitive cells. The present demonstration 
that nitrofurantoin ean inhibit glutathione reductase in vitro suggests that the 
administration of nitrofurantoin to a primaquine-sensitive person interferes with 
the funetion of an already malfunctioning system and thus triggers hemolysis. 
The possible importance of glutathione to the maintenance of erythrocyte in- 
tegrity has been stressed by others'*-® but the exact funetion of glutathione in 
this regard is unknown. Reeent reports by Mills*° of the presence of an enzyme 
in rat and eow erythrocytes which prevents hemoglobin denaturation by endog- 
enous agents such as peroxide through the mediation of glutathione suggest 
one possible function of the tripeptide in the maintenanee of erythrocyte 
integrity. 


SUMMARY 


Nitrofurantoin has been reported to be one of a number of structurally 
inrelated drugs capable of inducing intravascular hemolysis in  primaquine- 
sensitive individuals. The present results demonstrate that nitrofurantoin added 
n vitro ean inhibit the glutathione reductase activity of hemolyzates prepared 
rom the erythrocytes of 8 species, including those from normal and primaquine- 

nsitive human beings. The addition of primaquine, sulfanilamide, acety]l- 
henylhydrazine, or acetanilide in vitro, or chronic administration of nitro- 
irantoin in the diet had no effect upon the glutathione reductase activity of 
t hemolyzates. The in vitro inhibitory effect of nitrofurantoin in hemolyzates 
as found to be reversible upon dialysis. The possible significance of these re- 
lts to the mechanism of the induction of hemolysis in primaquine-sensitive 
lividuals is considered. 
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PRODUCTION OF LEUKEMIA IN MICE WITH CELL-FREE FILTRATES 
FROM HUMAN LEUKEMIAS 


RicHARD DELONG, PH.D. 
TOLEDO, O1FtIO 


Production of leukemia has been accomplished in an untreated, low leure mic 


strain of mice, using cell-free filtrates of human acute lymphocytic leukemia, 


ocytic leukemia, and plasmocytic leukemia 
Filtrates prepared in the same 
induce leukemia. The acute 

was still active after 


refrigeration but it appeared to be 


acute 


monor ytic le uke mia, acute l 


qranu 
bone marrow cultures as inocula, way from non- 
lymphocytic leu 


being maintained for 3 


leukemic human beings failed to 
kemia filterable agent months under 


inactivated by beta-propiolactone, a known 


virucide. fhout 2 pei cent of the mice 


that developed leukemia also developed 


tumors of varying type 8. No tumors de velope d in the control subjects. 


HORTLY after the writer had obtained the results described here, Bergoltz! 
reported inducing leukemia in mice with human leukemie material. He 
treated the mice with cortisone before inoculation and used homogenized leukemie 
tissues and oreans as a source for the filtrates. Sehwartz and Sehoolman® injected 
filtrates prepared from human leukemic brains into the high leukemie AKR 
strain of miee and demonstrated that these filtrates accelerate the development 
of leukemia in this strain. 

This report deseribes the production of leukemia in an untreated, low 
eukemie strain of mice by inoeulation of cell-free filtrates from humans with 
cute lymphocytic leukemia, acute monocytic leukemia, acute granulocytic leu- 
emia, and plasmocytie leukemia. 


MATERIALS AND METHODS 


Stationary tube cultures, that contained Eagle’s medium with 10 per cent calf serum, 
re inoculated with concentrated suspensions of bone marrow cells from patients who had 
» aforementioned leukemias. 


The cultures were incubated at 36 
one week, 


C. and left undisturbed 
Upon examination the cells in the cultures were found to be viable. 


In some 
tures a population of spindle shaped cells was developing. 


At this time, the fluid from all 
tubes was withdrawn, pooled in separate sterile glass bottles, and stored at 4° C. 


Fresh 
dium was added to the cultures and they were reincubated. This procedure was repeated 
ier at semiweekly or weekly intervals for a period of 6 weeks. 


The pooled culture fluids were centrifuged at 500 g 


g for 10 minutes and the supernatant 
ds were filtered through either Berkefeld filters or sintered glass filters of ultrafine porosity. 
test the integrity of the filters, 18 hour nutrient broth cultures of Escherichia coli and 
ptococcus pyogenes were filtered through the same filters after filtration of the bone 
row culture fluids. The bacterial filtrates were tested for sterility by inoculating 2 ml. 
each of three tubes that contained 10 ml. of nutrient broth and incubating at 36° C, 
one week. All tubes were sterile. 

yo the Department of Biology and The Research Foundation, The University of Toledo, 
10, Ohio. 


Received for publication March 8, 1960. 


891 








SOY DE LONG J. Lab. & Clin. Med 
lecember, 19¢ 
The cell-free filtrates from the leukemic bone marrow cultures were centrifuged, under 
refrigeration, at 41,190 g for 2 hours and the supernatant fluids were withdrawn very care 
fully. The pellets were resuspended in sterile physiologic saline to one tenth of the original 
volumes, which resulted in about a tenfold concentration of the 
concentrated, cell-free filtrates (0.1 ml.) were injected, intraperitoneally, into 7-week-old 
male and female albino, Swiss mice.* This strain of mice was known to have a low incidenc 
of spontaneous leukemia (less than 2 per cent at one year of age Uninoculated controls 
were maintained under the same conditions as the inoculated animals. Nonleukemic, humai 
bone marrow cultures were processed in the same manner as the human leukemic marrow 
cultures. These cultures remained as viable as the leukemie cultures. Centrifugations and 
concentrations of the nonleukemie filtrates were performed in exactly the same manner as thi 
leukemic filtrates. Therefore, the resulting dose for both leukemie and nonleukemiec inocula 
tions should have been the same. 
Autopsies were performed on all mice that died and histologie sections of the variou 
organs and tissues were made. The final criterion for diagnosis of leukemia was infiltration 
of the organs and tissues by the leukemic cells. 


Aseptic manipulations were used throughout the entire procedure. 


RESULTS 

Table I summarizes the incidence of leukemia in the mice. 

The results reported represent the total number of patients sampled, that 
is, no inactive filtrates from leukemic patients have been found and not reported 

In Experiment 1, in which the filtrate from a patient with acute lymphocytic 
leukemia was used, 65 per cent of the inoculated mice developed leukemia. In 
addition, an aliquot of the same cell-free preparation was treated with beta 
propiolactone (a known virueide)** and 0.8 ml. of the beta-propiolacton 
treated filtrate was injected into each of ten mice. None of the group injeeted 
with beta-propiolactone contracted the disease. 


TABLE I. RESULTS OF HUMAN LEUKEMIC CELL-FREE FILTRATES INJECTED INTO MICcI 


LENGTH OF LEUKEMIC LEUKEMI 
NO. NO. OBSERVA SURVIVAL AVERAGI 
MICE MICE TION RANGE SURVIVA 
EXPERIMENT USED | LEUKEMIC (MONTHS (DAYS (DAYS 
] 
(Acute lymphocytic leu 
kemia ) 14 9 2 51-363 158 
9 
Acute lymphocytic leu 
kemia 10 9 9 15-171 88 
3 
(Acute monocytic leu- 
kemia 16 11 9 11-290 155 
t 
(Plasmocytie leukemia S 5 8 29-225 160 
5 
(Acute granulocytic leu- 
kemia) 23 8 3 12-69 28 
Control Experiments.— 
Beta-propiolactone treated 
filtrate 10 0 12 - - 
Nonleukemiec filtrate 10 0 10 _— 
Nonleukemie filtrate 16 0 7 —-- 
Uninoculated controls 134 0 14 


*Obtained from Harlan Small Animal Industries, Cumberland, Ind 


sedimented materials. The 
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Experiment 2 was initiated 3 months later from the same pooled culture 
fluid used in Experiment 1, whieh had been maintained at 4° C. Ten mice were 
inoculated with the filtrate. In this group 90 per cent of the inoculated animals 
died of leukemia. 

In Experiment 3 the filtrate from a patient with aeute monocytic leukemia 
was used, whereas in Experiment 4 the filtrate from a patient with plasmocytie 
leukemia was used. In Experiment 5 the filtrate from a patient with acute 
granuloeytie leukemia was used. It should be noted that in Experiment 5 only 
+ months had passed sinee the mice were inoculated. 

filtrates prepared in the same way from nonleukemie humans were injected 
into twenty-six mice. None developed leukemia. 

A group of 134 mice, randomly selected from the same group as the in- 
oculated mice, was used as uninoculated controls. In addition, several hundred 
more mice maintained in this laboratory have been observed and, as yet, none 
have died of leukemia. 

Macroscopie manifestations in the leukemie animals were usually spleno- 
megaly, hepatomegaly, and enlargement of lymph nodes. The microscopic 
examinations showed infiltrations by leukemie cells in the livers, spleens, lymph 
nodes, kidneys, lungs, brains, testes, and bone marrows. 

About 20 per cent of the mice that developed leukemia also developed 
tumors of varying types. No tumors developed in any of the control mice. 

At this time no claims are made to have isolated a virus which is the 
etiologieal agent of leukemia in humans. It is obvious that many criteria must 
still be fulfilled before the viral cause of this disease can be established fully. 
Nevertheless, the results indicate that a filterable agent(s) from human leu- 

emie bone marrow cells is capable of producing leukemia in mice. 


SUMMARY 


Production of leukemia has been accomplished in an untreated, low leukemic 
strain of mice, using cell-free filtrates from humans with acute lymphocytic 
ukemia, acute monocytic leukemia, acute granulocytic leukemia, and plasmo- 
tie leukemia bone marrow cultures as inocula. The acute lymphoeytie leu- 
mia filterable agent was still active after being maintained for 3 months under 
rigeration but it appeared to be inactivated by beta-propiolactone, a known 


ucide. Filtrates prepared in the same way from nonleukemie human beings 
led to induce leukemia. 
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LABORATORY METHODS 


METHOD FOR MAINTAINING ORLENTATION IN SPINAL CORD 
SECTIONING 
KRNEST V. Orsi, PH.D. 
PEARL River, N. Y. 


A method is described which utilizes ink markings and standard arrange 
ment of segments to facilitate handling of spinal cord sections and maintain 
their anatomic orientation, thus simplifying cxramination of the sections and 
mal ing possible the rapid tracing of le SLOWS and of the mod ulum path in wntra 


spinally inoculated animals. 


N CONNECTION with the testing of attenuated poliomyelitis virus vaccines 
| it became necessary to locate the needle track during the histopathologic 
examination of monkeys inoculated intraspinally. The large number of monkeys 
to be examined necessitated a procedure that would permit thorough examina 
tion with as few steps as possible. A method was devised which maintains ana 
tomie orientation of the spinal cord enlargements, making possible rapid tracing 
of the needle track and of inflammatory changes through successive levels o| 
the entire cord sample, with a minimum number of slides. 


MATERIALS AND METHOD 


At autopsy, the monkey’s entire spinal cord is removed and fixed in 10 per cent formali 
Cervical and lumbar enlargements are then taken and processed for histopathologie examin: 


tion (Fig. 1 First, the entire enlargement is hand cut into three approximately equal s 


ments designated upper (1), middle (2), and lower 


3); the eaudad and ventral surfac: 
each segment are indicated with India ink. The three 


segments are then arranged in 
Autotechnicon 3 compartment carrier so oriented that the apex of the V-shaped divider is 


the operator’s left, and the compartments designated 7, 2, and 


receive the corresponding 
numbered segments (Fig. 1, Step 1). Thus only two carriers are required for both ot 
enlargements from one monkey, and each earrier requires only one label. 


The same arrangement is maintained for the next step, When segments are remo 


from the carrier and embedded, with the caudad marker up and the ventral marker to 
operator’s left (Step 2). The blocks are 


then mounted on a microtome holder, caudad mar 
down. 


The staggered arrangement of the segments, visible through the solid paraffin, pert 


rotation of the blocks so that the middle segment is uppermost (Step 0). Thus, wher 


tioned, the uppermost level of each segment is cut first and, by mounting always fron 


same end of the slide, proper caudad progression is maintained (Step 4 

For sectioning, blocks are cut at 0.018 mm., and every twenty-fifth section is mou 
on the slide. The 0.450 mm. interval between mounted sections ensures the appearance 

From the Viral and Rickettsial Research Section, Lederle Laboratories, American Cy 
mid Company, Pearl River, N. Y 
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l Diagram of procedure for handling 3 segment samples of cervical or lumbar enlarge- 


ments 


needle track in at least one of them, since a 20 gauge needle is at least 0.80 mm. in 


imeter. Each enlargement can be mounted without erowding on 3 to 5 slides, which are 


n stained and examined as previously reported.! 


RESULTS AND DISCUSSION 

This method proved useful in relating the area of cord damage to clinical 
nifestations, and in revealing seattered and limited pathologie foci where 
re had been no elinieal abnormality. 

Although monkeys inoculated with wild strains of poliomyelitis virus 
idly show bilateral paralysis (followed by death), when they are inoculated 
h those modified strains that produce clinical signs the paralysis is usually 
ateral. In order to elucidate the role of inoculation trauma in test monkeys, 
as desirable to correlate clinical signs with the inoculation site. As shown 
lable I, the areas of maximum cord damage and of paralysis usually were 
id on the same side as the needle track. 

The method also makes it possible to examine readily successive cord levels 


nown orientation, so that a schematie representation can easily be plotted 
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TABLE I. ASSOCIATION OF INOCULATION SITE WITH CLINICAL MANIFESTATIONS AND NEURONAL 
DAMAGE OF 16 MONKEYS INOCULATED INTRASPINALLY WITH POLIOMYELITIS VIRUS 

NEEDLE TRACK MAXIMUM DAMAGI 
MAXIMUM (LEFT OR RIGHT LEFT OR RIGHT 
MONKEY NO. PARALYSIS ANTERIOR HORN ANTERIOR HORN 
1 None Right Right 
2 None Right Right 
3 None Left Left 
4 None Left Left 
D None Left Left 
6 Right leg Right Right 
7 Both legs Left Left, right 
8 Right leg Right Right 
q None Right Right 
10 None Left Left 
11 Both legs Middle Left, right 
12 Right leg Right Right 
3 Left leg Left Left 
14 None Left Left 
15 Left leg Left Left 
16 Left leg Lett Left 
TABLE II. DISTRIBUTION OF SCATTERED LESIONS OF LIMITED INTENSITY IN THE CERVICAL AD 
LUMBAR ENLARGEMENTS OF A MONKEY INOCULATED INTRAMUSCULARLY WITH 
COXSACKIE A-4 VIRUS 
SECTION 
PWENTY SEVENTY 
FIRST FIFTH FIPTIETH FIFTH 
SLIDI SEGMENT LEFT |RIGHT| LEFT |RIGHT| LEFT |RIGHT| LEFT [RI 
Cervical 1 Upper 0 0 0 0 0 0 0 ( 
Middle 0 0 0 0 0 0 0 () 
Lower 0 0 0 0 0) 0 0 ( 
Cervieal 2 Upper 0 0 0 0 0 0 0 0 
Middle 0 0 0 0 0 0 0 0 
Lower 0 0 0 0 0 0 0 ( 
Cervieal 3 Upper 0 0 0 0 0 0 0 ( 
Middle 0 0) 0 0 (0) (0) 0 
Lower 0 0 0 0 0 0 0 
Cervieal 4 Upper 0 0 0 0 0 0 0 
Middle 0 0 0 0 (0) 0 ( 
Lower 0 0 0 0 0 0 ( 
Lumbar 1 Upper 0 0 0 0 0 0 0 
Middle 0 0 0 0 0 (0) 0 
Lower 0 0 0 0 0 0 0 ( 
Lumbar 2 Upper 0 0 0 0 0 0 0 
Middle 0 0) 0 0 0) 0 0 
Lower 0 0 0 0 0 0 
Lumbar 3 Upper 0 0 0 0 0 0 
Middle 0 0 0 +4 0 0 0 
Lower 0 0 0) 0 (0) 0 0 
Lumbar 4 Upper 0) 0) 0 0 (0) 0 0 
Middle 0 0 0 0 0 0 0 
Lower 0 0 0 0 0 0 0 
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to show the distribution of pathologie changes in the cord samples. As an ex- 
ample, one monkey inoculated intraspinally with modified poliomyelitis virus 
showed severe paralysis of the left leg. Histopathologic examination of the 
cervical enlargement showed no abnormalities. Based on information obtained 
from histopathologic examination of successive levels ot the lumbar enlarge- 
ment, a diagram of pathologie changes could be plotted (Fig. 2). Continuation 
of the path of the inoculum ean be visualized along the left side of the cord, 
and maximum tissue reaction is shown to be in the upper left of the enlarge- 
ment, with slight extension into the right side. The association between the 
inoculum track and maximum inflammatory changes can easily be seen. 
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Fig. 2.—Diagram of inoculum path and of degree of pathologic change in lumbar en- 
ment of a monkey inoculated with poliomyelitis Extent of shading denotes extent of 


um path: trace, partial, or full. 


The method served to reveal limited, seattered foci of infection in a study 
0! 36 monkeys inoculated with Coxsackie A-4 virus through various routes.’ 
‘hough none of the monkeys showed clinical signs, examination of a number 
















898 ORSI J. Lab. & Clin. Med 
. December, 1960 
of suceessive levels, averaging 34 cervical and 34 lumbar for each monkey, dis 
closed seattered discrete pathologic foci in 19 of them. (See Table II for the 
data on one of these monkeys. 

Because of the facility with which successive levels of the cord can be ex 
amined and oriented, this method is applicable to the tracing of any spinal cord 
lesions, whether they occur naturally or are induced experimentally. 


SUMMARY 





A method is deseribed which maintains anatomic orientation of spinal cord 








sections, facilitating examination and the rapid tracing of lesions and of th 
inoculum path of intraspinally inoculated animals. 


Iam grateful to Esther Chasan for help in preparation of this manuscript. 
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CULTURE OF THE URINE 
PauL D. Hoepricn, M.D. 
SALT LAKE City, UTAH 





Diagnosis and rational therapy of urinary tract infections require quantita- 
tive culture of the urine. However. classic dilution pour plate bacterial counting 
is too cumbersome for use in clinical laboratories. A simple, reliable method for 
quantitative urine culture, applicable in any laboratory, has been developed. The 
resolution of mixed bacterial flora by means of complementally selective media, 
and the utility of microscopic examination of a Gram stained smear of fresh 
uUnCce ntrifuaqed urine, were also ¢ valuated. 

By direct inoculation of urine on nutricnt agar with a pau of calibrated 
hacteriologic loops which deliver 0.01 and 0.001 ml., bacteriuria is quantitated 
uv ith precision su fhic i¢ nt for grouping as fewe than 10,000 bac teria per milliliter, 
between 10,000 and 100,000 bacteria per milliliter, or more than 100,000 bacteria 
per milliliter. Calibrated loop streak plate categorization of bacteriuria was 
different from companion pour plate results in only 3 of 125 urine specimens. 
Complementally selective media (MacConkey agar for gram-negative bacilli; 
PEA agar—0.25 per cent phenyl thyl alcohol in nutrient agai for qram positive 
cocci) resolved mixtures of bacteria at primary culture in 16 of 125 urine spect- 
mens; bacteriuria exceeded 10,000 per milliliter with 12 of these 16 specimens. 
Detection of bacteriuria in excess of 10,000 per milliliter by Gram stained smear 
of fresh uncentrifuged urine was in error in 9 of 125 specimens. Accuracy and 
simplicity recommend direct culture of the urine by calibrated loop streak plate 
and complementally selective culture media. 


O* INFECTIOUS diseases, urinary tract infections are surpassed in fre- 
queney in the United States of America only by respiratory tract infections. 
Although they may be relatively asymptomatic, urinary tract infections must 


he diagnosed, since they have morbid potential in the form of cardiovascular 


ud obstetrical complications and in eventual renal failure. Culture of infecting 
eteria is essential to diagnosis and management of urinary tract infections. 
Adequate cultural study of the urine has come to mean not only isolation 
and identification of the bacteria present in the urine (qualitative culture), 
but also determination of the number of bacteria per unit volume of the urine 
lantitative culture). Acceptance of the value of knowing how many bacteria 
present in the urine relates to recognition of the faet that the human 
thra, particularly near its external orifice, is normally colonized by bacteria.’ 
‘se indigenous urethral bacteria and the bacteria which cause urinary traet 
‘tions are often indistinguishable since they are eommonly of the same 
From the Department of Internal Medicine, University of Utah College of Medicine, and 
u Salt Lake County General Hospital, Salt Lake City, Utah 
4 Supported in part by a research grant from Eli Lilly and Company and by Grants 
E 12 and 2E-39(R) from the National Institute of Allergy and Infectious Diseases, United 
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bacterial genus and species. Neither bladder catheterization nor midstream 
sampling of voided urine guarantees a urine specimen free of urethral colonizing 
bacteria. For this reason, qualitative culture of the urine, by itself, does not 
provide sufficient information to allow differentiation of urethral inoeulation 
of a urine specimen from the bacteriuria of actual urinary tract infection. 
Accordingly, enumeration of the number of bacteria per unit volume of the 
urine has developed as an essential study of the urine. 

Urethral colonies will contribute only small numbers of bacteria to urine 
if collection of the specimen is delayed until the urethra has been flushed by 
passage of the first portion of a voiding. Such clean-eateh, midstream specimens 
are quite satisfactory for culture,? and ean be collected from anyone, male or 
female* who retains voluntary control of micturition. As a catheter is pushed 
through the urethra into the bladder, small numbers of urethral bacteria are 
often earried along—sufficient numbers to inoculate the bladder urine and giv 
growth.* However, with urinary tract infections there are usually myriads 
of bacteria in bladder urine.” Thus, on a statistical basis, the significance ot 
a positive culture of the urine is most reliably assessed in terms of the number 
of bacteria present in the urine: fewer than 10,000 bacteria per milliliter o1 
urine—urinary traet infection unlikely; between 10,000 and 100,000 bacteria 
per milliliter of urine—urinary tract infection probable; more than 100,000 
bacteria per milliliter of urine—urinary tract infection almost certain. 

Quantitative culture of the urine is most accurately done by elassie dilution- 
pour plate methods for counting bacteria. Unfortunately, this technique is too 
expensive of time, personnel, and materials for use in the clinieal laboratory 
Surface inoculation eulture as proposed® is too gross a method to provide 
quantitative information concerning the orders of magnitude of bacteriuri: 
of elinieal significance. 

A simple, rapid, inexpensive method for quantitative culture of the urine 
has been developed. It is based on the use of standard, volume calibrated 
baeteriologic loops of the kind long known and commonly employed in dairy 
bacteriology.’ The validity of sueh calibrated loop quantitative culture of th« 
urine has been established by simultaneous culture of urine specimens by 
dilution-pour plate method. Quantitation of bacteriuria as accomplished by this 
calibrated loop streak plate method is of sufficient precision to indicate to 
which of the three previously deseribed categories of clinical significance 
given specimen belongs. 

In addition, microscopic examination of a Gram stained smear of ea 
fresh, uncentrifuged urine specimen was carried out, as was qualitative ecultu 
In making use of complementally selective plating media, the method of qua 


tative culture employed represents a departure from common practice and 


so will also be deseribed in some detail. 


MATERIALS AND METHODS 


Urine Specimens.—Usually caught in midstream during voiding, but occasionally 


tained by catheterization, urine specimens were refrigerated promptly after collection in 
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Fig. 1.—Volume calibrated bacteriologic loops are pictured with an ordinary 3 mm. inside 
liameter loop at the right The loop on the left delivers 0.01 ml, has an inside diameter of 
{ mm., a 75 mm. shank, and is made of 3.5 per cent rhodium and 96.5 per cent platinum 
vire, 0.036 inch in diameter. The middle loop delivers 0.0601 ml., has an inside diameter of 


45 mm., a 50 mm. shank, and is made of 3.5 per cent rhodium and 96.5 per cent platinum 
wire, 0.016 inch in diameter. 


sterile serew-capped bottles. Cultures were usually planted within 4 hours and always within 


2 hours of collection. 
Quantitative Cultures.—Two standard, volume calibrated bacteriologic loops* (Fig. 1) 
ith the following characteristics were used to prepare quantitative streak plate cultures: 
1) to deliver an 0.01 ml. sample—4 mm. inside diameter fused loop with 75 mm, shank 
3.5 per cent rhodium and 96.5 per cent platinum wire of 
iuge No. 19 (0.036 ineh diameter): (2) to 


ishioned of grown and Sharpe 


deliver a 0.001 ml. sample—1.45 mm. inside 
ameter fused loops with 50 mm. shank fashioned of 3.5 per cent rhodium and 96.5 per cent 
itinum wire of Brown and Sharpe gauge No. 26 (0.016 inch diameter 


When not in use, the loops were protected with test tube coverings held in place by 
rk stoppers slipped an appropriate distance up the needle holder shaft. Quantitative streak 
ate cultures were planted as follows: 

1. The 0.01 ml. loop is flamed and set aside to air cool. The heat capacity of this rather 
ssive loop is relatively great and adequate cooling after flaming is conveniently assured 
proceeding to inoculation with the 0.001 ml. loop. 


2. After flaming the 1.45 mm. diameter loop, 0.001 ml. urine is taken up and applied to 


half of a 100 by 15 mm. nutrient agart Petri plate labeled 10 Complete and even 


sfer of the urine inoculum must be accomplished and is assured by streaking the entire 
plate four times—parallel to the diameter, at right angles to the diameter, and along 
15 degree diagonals; the loop must not be flamed during the streaking operations. 


The cooled 4 mm. diameter loop is then used to transfer and spread 0.01 ml. of urine 
he remaining half-plate (labeled 10-2) by means of identical streaking technique. 


*Arthur H. Thomas Company, Philadelphia, Pa. 


iTrypticase-soy broth base, Baltimore Biological Laboratories, Baltimore, Md., 


plus 2.0 
cent agar. 
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Fig. 2 Quantitative streak plate cultures of three urine specimens which by dilution 
pour plate contained, respectively (from left to right), 25,000,000; 56,700; and 7,800 bacteria 
per milliliter Each plate is positioned so that 0.01 ml. inoculum lies above and 0.001 inoculun 
below the separating diameter 


4. Disposable plastic Petri dishes with a built in dividing diameter* (see Fig. 2) are 
convenient but not essential. A plain Petri dish with a diameter marked with a wax pencil 
1s adequate. 


5. Plates are incubated overnight at 37° C. On the basis of colony counts, the degre 
of bacteriuria is reported as: fewer than 10,000 bacteria per milliliter, between 10,000) and 
100,000 bacteria per milliliter, more than 100,000 bacteria per milliliter. 

Pour plates were prepared from decimal, twofold dilutions of urine as follows: 


1. Sterile 0.9 per cent sodium choride solution (9.9 ml.) is delivered to each of 3 sterile 
20 by 150 mm. screw-capped culture tubes labeled 10-2, 10-4, and 10-6, respectively. 


2. Urine (0.1 ml.) is transferred (1.0 ml. serologic pipette) to the 10-2 tube. Wit! 
the cap serewed firmly in place, the tube is inverted 3 to 5 times to obtain thorough mixing 
3. One milliliter is transferred to an empty sterile, 100 by 15 mm. Petri dish labeled 
10-2, and 0.1 mil. is transferred to the 10-4 saline dilution tube. 


#, Operations 2 and 3 are repeated with the 10-4 tube and then with the 10-6 tube. 

5. Nutrient agar (12 to 15 ml.) at 56° C. is added (by means of a pipette) to ea 
Petri dish and mixing is obtained by swirling. 

6. When cool, the plates are inverted and incubated overnight at 37° C. The dilutio: 


yielding 75 to 150 colonies is used for making the count recorded for the specimen. 


Smears.—A 3 mm. bacteriologie loopful of urine (uncentrifuged) was placed on a clea! 
glass slide. No effort was made to spread the urine with the loop. After air drying, he 
fixing, and Gram staining, the preparation was examined with the oil immersion objectiv: 
before the quantitative culture plates were examined. If bacteria were seen in nearly every 
field of the smear, the examination was recorded as positive. 

Qualitative Cultures.—Primary plating for isolation involved streaking out 2 to 3 drops 
of urine on each of two kinds of medium: 

1. MacConkey agar—with this well-known formula, selection of gram-negative ba 
was reliably accomplished. 

2. PEA agar—prepared by adding 0.25 per cent phenylethyl alcohol (2-phenyl-ethan 
by volumes and 2.0 per cent agar to Trypticase-soy broth base before autoclaving. ‘Tis 
transparent medium provided highly effective complementary selection to MacConkey ag:', 


i.@., gram-positive cocci grew, gram-negative bacilli were inhibited. Half-plate inoculat on 


*Bi-plates, Falcon Plastic Products, Culver City, Calif. 
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of PEA agar with each specimen was satisfactory since gram-positive cocci do not spread 
and are infrequently present in urine in massive numbers. 

After overnight incubation at 37° C., standard bacteriologic methods for identification 
and dise anti-infeectious agent susceptibility testing of pure cultures of the bacteria isolated 


were carried out if the quantitative cultures indicated bacteriuria was in excess of 10,000 


bacteria per milliliter urine. 
RESULTS 

As shown in Table I, categorization of degree of bacteriuria by calibrated 
loop streak plate culture of 125 urine specimens was in very elose over-all 
agreement with the results obtained by simultaneous dilution-pour plate cultures 
of the same urine specimens. With 3 of the 125 specimens, streak plate culture 
results differed from pour plate values. By streak plate, bacteriuria was 
judged one category greater in 1 instance, one eategory lower in 2 instances, 
than was found to be the ease by pour plate (see Table II 

A positive smear, by the method described, was taken as certain indication 
of baeteriuria in excess of 10,000 bacteria per milliliter and probable indication 
of bacteriuria in exeess of 100,000 bacteria per milliliter. On this basis, 
over-all smear diagnosis was in good agreement with pour-plate results—61 
of 125 versus 59 of 125 (Table I Ilowever, specimen by specimen analysis 
revealed lack of agreement of smear result with pour-plate culture with 9 
specimens. In 7 instanees the smear was positive when pour-plate cultures 
yielded fewer than 10,000 bacteria per milliliter; with 2 specimens the smear 
was negative but pour-plate cultures grew out more than 10,000 bacteria per 
milliliter urine (see Table TIT). 

Of the 63 specimens of urine which grew out on MaeConkey agar, 47 showed 
no growth on the companion PEA agar cultures; 40 of these 47 specimens 


contained in excess of 10,000 bacteria per milliliter (Table IV). Twenty-six 
specimens of urine yielded growth on PEA agar and with 10 of these specimens 
there was no growth on the companion MaeConkey agar; 7 of the 10 urine 


specimens with growth on PEA alone had more than 10,000 bacteria per 


liliter. With 16 urine specimens, separation of gram-negative from gram- 


positive bacterial flora was achieved at the time of primary culture of the 


wine by using two complementally selective media; with 12 of these 16 urine 
s}cimens, bacteriuria exceeded 10,000 per milliliter. Gram-negative baeilli 
\ in clear numerieal predominance in 9 of the 12 specimens with more than 
TABLE I 
5 CATEGORY OF BACTERIURIA 
LETHOD OF QUANTITATION < 104/ML. 104-105/ML. > 105/ML. 
i Pour plate 66 S 51 
Streak plate 67 7 51 
Smear 61 
Vith 125 specimens of urine, category of bacteriuria was determined by dilution pour 
s bacterial count (three plates with inocula equivalent to 0.01, 0.0001, and 0.000001 ml 
espectively), a streak plate (one half plate streaked with 0.01 mil. urine, the other half 
with 0.001 ml. urine—these quantities delivered by volume calibrated bacteriologic 
n ; and by oil-immersion lens examination of a Gram stained smear of fresh uncentri- 
. : rine There was very close over-all agreement of streak plate with pour plate results; 
8 examination was fairly reliable in disclosing marked bacteriuria 
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TABLE I] 
CATEGORY OF BACTERIURIA BY 
ISOLATI POUR PLATI STREAK PLATI 
Proteus rettgeri > 105/mil. 104-105/ml. 
Pr. rettgeri 104-105/ml. > 105/mi. 
Escherichia coli 104-105/ml, < 104/ml. 


Specimen by specimen comparison of the results of categorization of bacteriuria in 12 
urine specimens by dilution-pour plate and volume calibrated loop streak plate cultures di 
closed disagreement in 3 instances. 


TABLE III 


CATEGORY OF BACTERIURIA BY 


ISOLATE(S POUR PLATE SMEAR 

Staphylococcus albus; coliform bacilli < 104/ml. 

Staphylococcus aureus; Klebsiella, sp. < 104/ml. 

Paracolon bacillus < 104/ml. 

Gram-negative bacillus < 104/ml. 

Pr. mirabilis < 104/ml. 

Gram-negative bacillus < 104/ml. 

Paracolon bacillus < 104/ml. 

Enterococcus 104-105/ml. 

E. coli > 105/ml. 

When Gram stained films of fresh uncentrifuged urine were found to have bacteria i: 
several oil immersion fields, the smear was judged positive If more than 104 bacteria per 
milliliter are required for detection by microscopic examination of a Gram stained smear, 6 
of the 125 urine specimens examined had more than 10! bacteria per milliliter Comparis 
with dilution-pour plate counts disclosed smear diagnosis to be in error in 9 instances 
Smears from 7 of these specimens were read as positive, ie., the trend in error was towar 


overdiagnosis 


TABLE IV 


NO. OF URINE SPECIMENS 


GROWTH ON TOTAI WITH > 105/ML. 
MacConkey agar only 17 10) 
PEA agar only 10 7 
MacConkey and PEA agar 16 12" 
Total 73 59 
Complementary selectivity is provided by ‘'MacConkey agar allows growth of grat! 


negative bacilli and phenylethyl alcohol (PEA) agar—allows growth of gram-positive co: 
Use of these two media for primary qualitative culture of urine, in providing for separat 
of the major tinctorial groups of urinary tract pathogens, makes for rapid identification 
early anti-infectious agent susceptibility testing 

*With 3 of these 12 urine specimens, the gram-positive bacteria (staphylococcus spe« 
tellurite positive; enterococcus; enterococcus) were judged elinically significant since thes 
accounted for at least 14 of the bacterial population; the corresponding gram-negative popu 
tion components of these specimens were: Proteus vulgaris; Klebsiella species; Pr. mirab 
Gram-negative bacilli were clearly predominant in the remaining 9 specimens 


10,000 bacteria per milliliter which grew on both MacConkey and PEA agar; 
with the remaining 3 specimens of this group, gram-positive cocci made up at 
least 4 of the bacteria present. 


DISCUSSION 

That the number of bacteria in urine had great clinical signifieanee \\as 
recognized in 1946 by Marple.® Using a dilution-pour plate method for qu: 

tative culture, this author showed that immense numbers of bacteria may | 
present in the urine even in the absence of symptoms. Nearly a decade | 

revived interest in the interpretation of bacteriuria,®'°"! perhaps stimul: ‘ed 

by burgeoning discovery and production of antibacterial agents, led to statis’ cal 
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assessment of bacteriuria. With time, general agreement evolved on the clinical 
significance of categories of magnitude of bacteriuria, as described previously. 
Implicit in relating categories of bacteriuria to probability of urinary tract infee- 
tion is the fact that for eclinieal utility quantitative culture of the urine must ae- 
curately identify only orders of magnitude of bacteriuria, i.e., a bacterial eount 
detailed to the last digit is superfluous. Dilution-pour plate culture of the urine is 
not only impractical for the clinieal laboratory, but also unnecessary to care of 
the patient; accurate quantitative information of sufficient detail for clinical 
utility is rapidly, simply, and inexpensively derived from ealibrated loop streak 
plate culture of the urine. Requiring purchase of two ealibrated bacteriologic 
loops, the investment in equipment is small. With brief experience, a tech- 
nician soon aequires skill in rapid, uniform streaking of culture plates. Even 
more striking, is the developed skill at reading quantitative streak plate 
cultures; with a glanee, an experienced technician ean read off category of 
bacteriuria without pausing for colony by colony enumeration. As has been 
emphasized,® useful results from urine culture will be obtained only if the 
urine specimen is fresh or was refrigerated promptly after collection. 

Kass* indicated that smear examination of fresh, uneentrifuged urine 
enabled detection of bacteriuria in SO per cent of 32 specimens of urine which 
contained 100,000 or more bacteria per milliliter. We have met with better 
success In smear detection of bacteriuria which by pour plate count was in 
excess Of 10,000 bacteria per milliliter urine (57 of 59; 96.6 per cent). 
llowever, our zeal was associated with (7 of 61; 11.5 per cent) false positive 
smear diagnoses. Ease and simplicity of performance coupled with fair re- 
liability recommend microseopie examination of a Gram stained smear of 
tresh, uneentrifuged urine as an essential part of urinalysis. 


Since gram-negative bacilli are the most frequently encountered bacteria 


? 


the urinary tract, the traditional use of a medium which selectively inhibits 
growth of other kinds of bacteria in primary culture is well founded. 


— 


eConkey agar is a use-tested formulation which effectively inhibits gram- 


sitive bacteria, restrains spreading Proteus species from exuberant perigrina- 


, and clearly indicates lactose utilization or nonutilization by gram-negative 


lli as they grow. Other formulae, e.g., desoxycholate agar, eosin—methylene 
agar, may be used to serve these purposes. 
Lilley and Brewer* first deseribed use of phenylethyl alcohol in culture 


ia to secure seleetive inhibition of @ram-neegative baeilli without simultaneous 


aint of growth of gram-positive cocci. Gram-negative bacilli are either 
ei vely suppressed or form pin-point colonies which do not spread during 
urs’ Incubation. 

'rypticase-soy broth base is buffered with phosphate and contains glucose; 
on iddition of 2 per cent agar and 0.25 per cent phenylethyl aleohol (by 
ie), a highly nutritious, transparent, and selective medium is prepared. 
clave sterilization of the medium at 121° C. is permissible since the boiling 
| if phenylethyl alcohol is 219° C, 
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Phenylethyl aleohol is not entirely without effeet on gram-positive cocci. 
Colony size can be observed to acerete less rapidly in the presence than in the 
absenee of this reagent in otherwise identical media. Moreover, when pheny!] 
ethyl aleohol is a constituent of blood agar, atypical hemolytic reactions may 
occur. For this reason, and also beeause blood reactions are of little valu 
in the identification of urinary tract pathogens, the use of phenylethy] alcoho! 
for selective inhibition in nutrient agar which did not contain blood was evalu 
ated. PEA agar without blood has served very well. There were no specimens 
whieh yielded gram-positive cocci in nutrient agar pour or streak plate cultures 
which did not concomitantly give growth of gram-positive cocci on PEA agar 
Staphylococci and streptococci of Lancefield’s group D are the common gram 
positive coeei recovered from urine. With staphyvlococei, the signifieant labor 
atory tests are tellurite reduction’? or plasma coagulation. Group 1D strepto 
cocci depend for their characterization most reliably on serologic study, 
maneuver beyond the usual elinieal laboratory. The physical and biochemical 
tests ordinarily employed to identify these streptococci do not refer to 
depend on reaction with blood. 


or 


True bacteriuria, reliably demonstrated, is the mainstay to diagnosis of 
urinary tract infections. Infrarenal urinary tract infections are ordinaril; 
symptomatic and are significant primarily in offering potential for renal in 
volvement. Acute pyelonephritis is usually recognizable on elinieal grounds 
alone. However, chronie pyelonephritis is generally not marked by character 
istic symptoms. General application of the presently available informatior 
regarding the signifieanee of bacteriuria requires a method for qualitative and 
quantitative culture of the urine which is praetical for 


use in the routin 
elinieal laboratory. 


The method deseribed is at once simple enough for genera! 
use and informative enough to support diagnosis and therapy. 


SUMMARY 


A method for quantitative culture of the urine is deseribed which is 
practical for use in any clinical microbiology laboratory. By means of ealibrated 
hacteriologie loops, streak plate eultures are prepared by direet inoeulation 
from the urine specimen. Such cultures permit accurate categorization of bae- 
teriuria as being fewer than 10,000 bacteria per milliliter (urinary tract 
fection unlikely), between 10,000 and 100,000 bacteria per milliliter (urinary 
tract infection probable), or more than 100,000 bacteria per milliliter (arin: 
tract infection almost certain). 

Microscopie examination of a Gram stained smear of fresh uneentrifuged 
urine is recommended as a rapid, fairly reliable index of bacteriuria due to 
urinary tract infection. 

The use of complementally selective primary plating media for qualitat ve 
culture of the urine greatly aids and speeds resolution of mixed bacterial fl ra 


ea - 


so that identification and antibacterial agent susceptibility testing can be rap 
earried out. Use of MaeConkey agar to select gram-negative bacilli and PA 
agar (nutrient agar that contains phenylethy! alcohol) to select gram-pos 
cocci is recommended. 


“A 
o 
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ISOLATION AND IDENTIFICATION OF COAGULASE-POSITIVE 
STAPHYLOCOCCL ON LEVINE’S EOSIN-METHYLENE BLUE AGAR 


N. J. MENOLASINO, PH.D. 
CHICAGO, ILL. 


Wirt THE TECHNICAL ASSISTANCE OF BARBARA GRIEVES AND PEARL PAYNE 


Data demonstrating the use of Levine’s cosin-me thyle ne blue agar as an aid 
in the identification of coadgulase positive staphylococci is prese nted. A total of 
8 clinical specimens which contained staphylococci was used for this study. The 
esults show that both the albus and aureus strains of coaqulase positive staphy 
lococei: drow as characteristic colorle Ss, pin point colonies on Levine’s eosin 
methylene blue agar. Comparative studics with Levine’s eosin-methylene blue, 
tellurite-aqlyucine aqdar, and the plasma coagqulase test indicate that Levine’s cosin 
methylene blue agar appears to be a more sensitive differential medium for 
presumable pathogenic staphylococci than the tellurite-glycine agar, and also, that 
there is qood correlation between the plasma coaqulase test and the arowth of 


coadgulase-positive staphylococci on the Levine's cosin-methylene blue aaar. 
i pry 


lik accepted laboratory technique for evaluation of staphylococeal virulence 
' the coagulase test, tube or slide,* with which either human or rabbit plasma 
is used. Indirect eriteria of ecoagulase production by staphylococei such as 
pigment production and ability to grow and produce characteristic colonies on 
such seleetive media as Chapman-Stone agar, mannitol-salt agar, or tellurit: 
elyeine agar are also useful. 

This report is based on the applieation of Levine’s eosin—methylene blu 
agar as an additional aid in the isolation and identification of coagulase-positiv: 


staphyloeoeci from clinical specimens. 


METHOD 


All specimens for routine culture are plated on 10 per cent sheep blood agar, blo 
sodium-azide agar, Levine’s eosin methylene blue agar (this differs from the conventio 
eosin methylene blue agar in that it contains no sucrose, but does contain 1 per cent lact 
instead of the 0.5 per cent lactose in the conventional eosin-methylene blue agar), and tellur 
glycine agar. In order to augment pigment production, the blood agar plate was incul: 


an additional 48 hours at room temperature. 
RESULTS 
Staphylococci isolated from 308 clinical specimens are as follows: 
1. Of 151 strains of Staphylococcus aureus which were coagulase-positive iy 
the slide test, (a) all grew as characteristic colorless, pin-point colonies on 
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Levine's eosin methy lene blue agar when plated directly from the specimen; (b) 
101 of these strains grew as characteristie black colonies on the tellurite-glyeine 
agar when plated directly from the specimen; (e) fifty of these strains did not 
grow on tellurite-glyeine agar when plated directly from the specimen, but when 
a colony was picked from the blood agar plate and subeultured on the tellurite- 
el veine agar, charaeteristie black colonies were developed. 

2. i 92 


strains of Staphylococcus albus, 60 of which were isolated from 
urines (ho pigment production demonstrated after an additional 48 hours ineuba- 
tion at room temperature), which were coagulase-positive by the slide test: (a) all 
grew as the previously described pin-point colonies on the Levine’s eosin 

methylene blue, when plated directly from the speeimen; (b) 47 of these strains 
grew as grayish colonies on the tellurite-glycine agar when plated directly from 
the speeimen; (¢) 45 of these strains showed no growth on the tellurite-elveine 
agar when plated directly from the specimen; (d) when eolonies of these 45 
strains were subeultured from the blood agar to the tellurite-glycine agar they 
did not grow. 


3. Of 64 strains of Staph. albus which were coagulase-negative by the slide 
test: (a) none grew on tellurite-glvcine agar; (b) 59 failed to grow and 5 
strains grew on Levine’s eosin—methylene blue agar; (¢) one strain of Staph. 
aureus, cCoagulase-negative, did not grow on either tellurite-glveine agar, or 


Levine’s eosin—methylene blue agar. 
These data are summarized in Table [. 


TABLE I.) GROWTH CHARACTERISTICS ON VARIOUS MEDIA, PIGMENT PrRopUcTION, AND 
COAGULASE PRODUCTION OF STAPHYLOCOCCI TSOLATED FROM 308 CLINICAL SPECIMENS 


GROWTIL ON GROWTH CHARACTERISTICS 
ON TELLURITE-GLYCINE AGAR 


rYPICAI 
BLACK 
rYPICAI COLONIES 
BLACK ON 
LEVINE’S COLONIES REPLATI 
NO. OF EMB ON ON FROM ATYPICAT 
COAGULASI STRAINS PRIMARY PRIMARY BLOOD GRAY NO 
YP! REACTION ISOLATED ISOLATION ISOLATION AGAR COLONIES GROWTH 
ireus + 151 151 100 51 0) 0 
lhus ' 92 92 0) 0) 17 5 
lhus 59 0 0 0 0 ah) 
hus 5 5 0) 0 0 D 
ireus 1 0 0 0 0 ] 


SUMMARY 

Both the aureus and the albus strains of coagulase-positive staphylococei 
¥ ow as characteristic colorless pin-point colonies when inoculated directly on 
ne’s eosin—methylene blue agar; thus, it appears to be a more sensitive 
‘ential medium for presumably pathogenie staphylococci than the tellurite- 


g ne agar. Its failure to distineuish between albus and aureus is advantageous 


inieal bacteriology, since the newer concepts of staphylococcal infection ad- 
te reporting the coagulase-positive strains as Staph yloe occus pyogenes rather 
coagulase-positive Staphylo occus aureus or albus. 
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Seven per cent of coagulase-negative Staph. albus grew on the Levine’s eosin 
methylene blue agar; however, it would appear that, in the screening of clinical 
specimens for pathogenic (coagulase-positive) staphylococci, it is safer to err on 
the side of an oceasional false positive than false negative, since a slide coagulase 


test ean be used for quick confirmation in questionable situations. 
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RAPID MASS ANTI-DCRh.) TYPING WITH BROMELIN 


BERNARD Pirorsky, M.D., ANNE Aucust, M.T., HELEN NELSON, M.T 
AND ROBERT PITTENGER, M.D. 
PORTLAND, ORE. 


The extensive Us of blood transfusion necessitates a rapid, accurate, 
economical method for D(Rh,) typing. Such a method, easily applicable to 
mass procedures, is presented, using bromelin, a proteolytic enzyme obtained 
from the pineapple stem. The procedure consists of mixing erythrocytes to 
be typed with one drop of the bromelin reagent and two drops of 1:6 dilution 
of commercial anti-D(Rh,) sera. This mixture is shaken for 30 seconds, cé ntri 
fuged for one minute, and examined macroscopically for agglutination. Com- 
parison of the bromelin procedure with a standard polyvinylpyrrolidone test 
revealed seven discrepancies due to D*-positive bloods in 10,000 specimens. 
The ranae of sensitia ity in de tecting D« positive erythrocyte s is discussed. The 
influence of media that contained many anisometric molecules in inducing false 


positive bromelin reactions is revicwed. 


HE progressive increase of blood transfusion therapy in recent years has 

initiated extensive searches for an efficient, rapid, and economie method for 
mass D(Rh,) blood typing. The purpose of this report is to present such a 
method based on the use of bromelin, a group of proteolytie enzymes obtained 
rom the pineapple stem.’ 


METIIOD 


\ standard bromelin solution was used throughout these studies.2,3 An 0.5 per cent 
ution was prepared by dissolving bromelin powder in 9 parts isotonic saline and one 
irt Sorensen phosphate buffer, 0.15M, pH 5.5. Sodium azide 0.1 per cent and actidione 
0) per cent (Upjohn) were added as preservatives. The solution was stored at 4° C, 
en not in use, and fresh solutions were used monthly. Rapid, mass D(Rh,) typing was 
ne as follows: Commercial incomplete anti-D(Rh,) serum was used. One part of 
ti-D(Rh,) serum was mixed with five parts of isotonic saline. Two drops of this dilute 
tiserrum and one drop of bromelin solution were added to a test tube (10 by 75 mm.), 

one applieator stick of the cells to be typed was introduced. The solution was shaken 
* 30 seconds on a Kahn shaker and immediately centrifuged for one minute at 1,000 r.p.m. 
roscopie examination for agglutination was made after gently shaking the erythrocyte 


tton, 


Blood specimens to be typed were obtained from donors at the Pacific Northwest 


rional Blood Center. The Bromelin anti-D( Rh, procedure was performed by one 
nologist. A second technologist independently retyped the same blood specimens by 
ns of the standard polyvinylpyrrolidone (PVP) anti-D(Rh,) procedure used at this 
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institution for the past 8 years.4 All discrepant results encountered between the bromelin 
and polyvinylpyrrolidone procedures were checked by means of four different anti-D(Rh, 
sera in a one hour ineubation test, followed by an antiglobulin procedure. 

Screening tests were performed to determine if solutions that contained anisometric 
molecules would potentiate the bromelin reaction. These studies indicated that such solutions 
would lead to false positive bromelin reactions. Accordingly, the influence of bovine albumin 

30 per cent), human albumin (25 per cent), electrophoretically pure human gamma globulin 
10 per cent), dextran (6 per cent), and polyvinylpyrrolidone (10 per cent) on the bromelin 
erythroeyte reaction was investigated. Two test systems free of erythrocyte antibodies 
were established to study the range of false positive reactions. Twofold serial isotoni 
saline dilutions of the test substances were made. One test system involved the pretreatment 
of one drop of a 4 per cent isotonic saline suspension of O, ede/ede erythrocytes with one 
drop of the bromelin reagent for 15 minutes at room temperature. The bromelin solution 
was removed by washing the erythrocyte button three times in isotonic saline. Two drops 
of each serial dilution of the test substances were added to the treated erythrocyte button. 
\fter remaining at room temperature for 15 minutes, agglutination was determined by 
centrifuging for 1 minute at 1,000 r.p.m. and reading macroscopically after the erythrocyt: 
hutton was gently dislodged. A second test reaction used a direct system, which involved 
one drop of bromelin, one drop of 4 a per cent isotonic saline suspension of O, ede/ed 
erythrocytes, and two drops of each serial dilution of the test substances, After remaining 
at room temperature for 15 minutes, macroscopic agglutination was determined as previously 
RESULTS 

Ten thousand blood samples obtained from donors at the Pacifie Northwest 
Regional Blood Center were tested for the presence of D(Rh,) with the bromelin 
and polyvinylpyrrolidone methods deseribed; 8,191 bloods were D(Rh,) positiv: 
and 1,802 bloods D(Rh,) negative with both test systems. Seven discrepancies 
were encountered. Four bloods were found to be D(Rh,) positive in th 
bromelin system and D(Rh,) negative in the polyvinylpyrrolidone system 
Three bloods were D(Rh,) positive with polyvinyl pyrrolidone and negative wit! 
bromelin. Six of these 7 bloods were again tested using 4 different anti-D( Rh 
sera in an indirect antiglobulin procedure. In all instances, reactions compatibl 
with D"-positive bloods were found. These results are summarized in Table | 

The 1,802 D(Rh,)-negative bloods were further typed for C(rh’) and 
K(rh’). Sixty-five were found to be C(rh’) positive, 61 E(rh’’)  positiv: 
and 8 CE (rh’ rh”) positive. These 184 bloods were tested for the D" facet 
using a selected anti-D(Rh,) serum and an indirect antiglobulin procedur 
Positive reactions were found in 9 C(rh’) bloods, in + E(rh’”) bloods, and 


TABLE I. DISCREPANCIES BETWEEN BROMELIN AND PVP D(Rh,) TYPING 
10,000 SPECIMENS TESTED) 


TESTS 
INDIRECT ANTIGLOBULIN 
BROMELIN PVP ANTI-D( Rh, ) SERA 
DONOR ANTI-D( Rh ANTI-D( Rh | » 2 | 
l 
} 
5 si 
6 


‘ + not tested 
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TABLE Ll. D"-PosiTive BLoobs UNDETECTED WiItH BoTH BROMELIN AND PVP PROCEDURES 


Rh, D NEGATIVI Db" POSITIVE 
Anti-C positive 65 y 
Anti-E positive 61 | 
Anti-CE positive Ss ye 
ede ede 1.668 not tested estimated 0.009%, 
Ten thousand specimens tested 8,191 Di Rh.) positive, 1,802 D( Rho) negative 


TABLE III. FALSE PosIrivE AGGLUTINATION REACTIONS INDUCED BY BROMELIN AND 
ANISOMETRIC MOLECULAR MEDIA 


TITERS OF TEST SOLUTIONS 
TEST SOLUTIONS i] 1:2 1:4 1:8 1:16 1:3 
Bovine albumin 80% 
Direet system 24 tr+ 
Pretreatment 1+ tr 


Human albumin 25% 
Direct system 1+ tr4 
Pretreatment tr+ 


Gamma alobulin 10°; 
Direct system 
Pretreatment } } 


Dextran 6% 


Direet system 3 9 | 
Pretreatment }4 34 | 
VP 10% 
Direct system }4 24 l l 
Pretreatment t+ 3+ z tr 
Twofold dilutions of test solutions made in isotoni iline ©, cle/ede erythrocytes use 


thout erythrocyte antibodies 


2 CE(rh’ rh’’) bloods. Aecordingly, 15 D"-positive bloods were discovered 

whieh had given negative D(Rh,) reactions in both the bromelin and_ poly- 
vinylpyrrolidone procedures. The remaining 1,668 ede/ede bloods were not 
ested for the D" factor, as a previous unpublished study of this group in our 

donor population revealed a D" incidence, after polyvinylpyrrolidone typing, 
only 0.009 per cent. These results are summarized in Table IT. 

The effect of solutions that contained anisometrie molecules in inducing 
st positive bromelin reactions is summarized in Table IIT. It appears that 
omelin functions in this reaction by modifying the surface of the erythrocyte. 
sentially identieal results are obtained whether erythrocytes are pretreated 
th bromelin, which is then washed from the test system, or when bromelin 

present in the test system. False positive bromelin reactions, in systems 

t did not contain erythrocyte antibodies, were seen at the following con- 

trations: bovine albumin 15 per cent, human albumin 12.5 per cent, electro- 

retically pure gamma globulin 5 per cent, polyvinylpyrrolidone 1.25 per 
l 


t, and dextran 1.5 per cent. 


DISCUSSION 
The extensive use of blood transfusions makes it essential for all blood 
ing facilities to have available a rapid, accurate, economical method for 


th.) typing that is easily applicable for mass procedures. The extreme 








914 PIROFPSKY ET AL. J Lab, & Clin. Med. 
sensitivity of various proteolytic enzyme methods for anti-Rh antibody deter- 
minations makes them an ideal reagent for developing sueh a procedure. 
Trypsin,” papain,’ and fiein,* are not practical beeause of the necessity of long 
preincubation and tedious washings. The activation of papain with eysteine 
made available a reagent that eliminated preincubation and washing.’ — Its 
use in rapid, mass D(Rh,) typing has been successful and has represented a 
major advance in efficiency.’° Papain-cysteine, in our experience, is not an 
ideal reagent because its unstable nature requires that it be stored in a frozen 
state and that unused thawed reagent be disearded. The 90 minute incubation 
time recommended’ also indicated the desirability of a more rapid test system. 

The data presented here indicate the suitability of bromelin for rapid, 
mass D(Rh,) typing. The reagent is inexpensive and permits the dilution 
of commercial anti-D(Rh,) sera 1:6 for routine typing. A> simple, rapid 
procedure that eliminates preincubation, washings, and ineubation has been 
developed which makes possible the typing of large numbers of blood specimens 
in a minimum of time. The bromelin solution employed is relatively stabl 
at 4° C., maintains its potency at least one month, and thus the necessity of 
freezing the reagent is eliminated. The accuracy of the test procedure is 
vratifying. When compared with the polyvinylpyrrolidone anti-D(Rh,) pro 
cedure, as used in our laboratory for the past 8 years, only 7 discrepancies wer 
encountered in 10,000 routine typings. In 3 instances, positive polyviny! 
pyrrolidone and negative bromelin reactions were found; in 4+ specimens, thy 
reverse was found. In 6 of the 7 discrepancies investigated, D"-positive erythro 
cytes were found. The similarity of these results to those obtained with the 
papain-eysteine D(Rh,) typing procedure is: striking. ' 

The limited ability of rapid anti-D(Rh,) techniques to demenstrate D 
blood is frequently disconcerting. The bromelin technique has not solved this 
problem; of 10,000 blood specimens tested, 18 D" bloods were not detected 
Control studies with the polyvinylpyrrolidone technique, which has been show: 
to detect the majority of potent D" samples,'! revealed a similar range o 
sensitivity. Unfortunately, control studies of our population incidence of D 
positive specimens found after the usual anti-D(Rh,) procedure is not availabl 
An indirect estimate of the sensitivity of the bromelin procedure to detec! 
D*-positive blood can be made. Thirteen D* bloods were not detected in 
Rh,(D)-negative, C(rh’)-positive, or E(rh”)-positive specimens after bromelin 
D(Rh,) typing. If the population data for New York City white people’ a! 
projected for D" incidence of D(Rh,)-negative, C(rh’)-positive, or E(rh” 
positive bloods in 10,000 donors, we may estimate 93 D" specimens. According! 
S6 per cent of D" bloods were detected with the bromelin procedure. In vi 
of the high incidence of Seandinavian aneestry in our donor population, figures 
obtained from Stockholm’ may more nearly approximate the true D" ineiden: 
Projecting Broman’s data to 10,000 specimens, 53 D" bloods would be anticipat: d 
in the D(Rh,)-negative, C(rh’)-positive, or E(rh”)-positive groups. Using 
this population, the bromelin procedure appears to detect 75 per cent of 


bloods. 
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An attempt to potentiate the bromelin reaction with media that contained 
large numbers of anisometric molecules was unsueeesstul beeause of false 
positive reactions. It was found that five of these substanees, bovine albumin, 


human albumin, human gamma globulin, dextran, and polyvinylpyrrolidone, 
would lead to potent : 


gelutination of erythrocytes when bromelin was used 
without erythrocyte antibodies. Pretreatment of erythrocytes with bromelin 
led to results identical with those obtained when bromelin was used directly 
with the test substances. Although the possibility that bromelin is fixed to 
the erythroeyte surface in spite of washing has not been exeluded, it would 
appear that the enzyme functions by modifying the surfaee of the erythrocyte, 
which enables anisometrie molecules to induce agglutination. Whether a similar 
mechanism converts incomplete erythroeyte antibodies into a direct agglutinating 
form is speculative but deserves investigation. Of extreme practieal importance 
is the realization that the use of media that contain large numbers of anisometrie 
moleeules is contraindicated when a bromelin test system is emploved. The 
implication of this is apparent, as most commercial anti-Rh antisera contain 
large amounts of bovine albumin added as a potentiating media. Thus the 
dilution of commercial anti-Rh antisera in the bromelin procedure is not only 
economieal, but essential for aceurate testing. 

One point of eaution should be emphasized. In common with other proteo- 
ytie enzymes, bromelin may potentiate extremely weak anti-Rh antibodies. 
\ecordinegly, all antisera used in a bromelin procedure must be carefully 
sereened for purity of antibody content. Many commercial antisera contain 
multiple anti-Rh antibodies which are adsorbed so as to give satisfactory tests 
vhen used as direeted by the manufacturer. The addition of bromelin to such 
dsorbed sera may lead to false reactions. 


SUMMARY 


A rapid procedure for mass anti-D(Rh,) typing has been developed in 
hieh bromelin is used. The procedure eliminates preincubation, washings, 
nd incubation, Comparison of the bromelin procedure with a standard poly- 
invipyrrolidone test revealed 7 diserepancies caused by ])"-positive bloods 

10,000 specimens. The range of sensitivity in detecting D*"-positive blood 

discussed. Studies with solutions that contained anisometric molecules 
monstrated false positive bromelin reactions, apparently as a result of modi- 
‘ation of the erythrocyte surface. The implication of these findings in estab- 
hing a routine typing procedure is reviewed. 
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ERRATUM 


In the Abstract by Irving A. Friedman, Nalda R. Wilson, Frank Higgins, and Wilm: 
Spurrier, vol. 56, p. 816, November, 1960, the title should read: ‘* Phase and Electro 
Microscopy Osmotic Fragility and Thromboplastin Generation Studies in Patients Wit 
Thrombocythemia.’’ The setond line should read: ‘‘ patients with thromboeythemia and 
control subjects in each instance.*’ 
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65. PREFERENTIAL RETENTION OF HYDROXOCOBALAMIN 
OVER CYANOCOBALAMIN IN HUMANS 


\NDREAS KILLANDER, M.D. (By Invitation), AND Ropert F. ScuiLuineG, M.D., 
Mapison, WIs. 


Published data have indicated that small 
OH-B,.) are equivalent in their antipernicious anemia activity to eyano- 
obalamin ((N-B If one of these forms of vitamin Bs were better retained 


iter injection it might prove to be superior for the maintenance therapy of 
ermicious anemia. 


doses of hydroxocobalamin 


A comparison has been made of the urinary exeretion of eyanocobalamin 
id hydroxocobalamin after the subeutaneous injection of massive doses in 
ehteen control subjects without signs of abnormal vitamin B,. metabolism. 
istinetly more OH-B,. was retained. The CN-B,. and the OH-B,, labeled with 
0°’ and Co*’, respectively, were injected separately or simultaneously. In the 
ter instance differential radioactive assay of the two isotopes was employed. 
When 500 »@ doses were given separately 79 to 89 per cent of CN-B,. was 
ereted compared to 43 to 57 per cent of OH-B,.. After injeetion of 1,000 yg 
to 9O per eent of CN i” was exereted compared to 54 to 63 per cent ot 
I-By.. When 500 pe of each form of vitamin B,. was injected simultaneously 
re than twice as much OL-B,. was retained in the body. There was a slower 
- of disappearance from the injection site of OH-B,, than of the CN-B,.. In 
} of three patients followed up with surface counting over the liver, relatively 
‘e OH-B,. radioactivity was found. 
It is coneluded that the significantly greater retention of OH-B,,. than 
-B,. warrants further studies on the use of OH-B,,. for maintenance therapy 
pernicious anemia. 
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66. A RAPID ACID PHOSPHATASE TEST FOR EVALUATION 
OF ANDROGEN ACTIVITY 


J. E. Kirk, M.D... Sr. Louis, Mo. 


The seeretion of acid phosphatase by the prostatic oland is a true secondary 
sex characteristic. For this reason the determination of the acid phosphatass 
coneentration in the prostatic seeretion can be used as a test of androgen 
activity in persons with intaet prostatic gland. The method is of particular 
value as an aid in the diagnosis of hypogonadism in adoleseent children and 
voung adults. 

The very high concentration of acid phosphatase normally present in thi 
prostatic secretion made it possible to develop a rapid bedside procedure fon 
measurement of the enzyme activity. The sample of secretion obtained by 
prostatic massage is diluted 1:1,000 with 0.06M potassium acid phthalate buffer, 
pil 5.0. The substrate solution is prepared by dissolving 0.72 mg. of phenol 
phthalein diphosphorie acid contained in a vial in 1.0 ml. phthalate buffer. One 
half milliliter of the diluted prostatic secretion is added to the substrate buffer 
solution in the vial and allowed to react for exaetly 2 minutes at room tempera 
ture. At the end of this period, 8.5 ml. of 0.2M earbonate-biearbonate buffer 
solution, pI 10.4, is added to the sample. The quantity of phenolphthalein 
liberated through the action of the enzyme is determined by spectrophotometric 
measurement at 550 my or by comparison of the sample with a set of permanent 
color standards. The observed phenolphthalein values can be converted directly 
to conventional Gutman units. 

The reaction was found to be of zero order. The observed K,, for phenol 
phthalein diphosphorie acid was 3.5 x 10° M, and the Q,. for the reaction be 
tween 20° and 30° C. was 2.25. <A close correlation was found between the 
amount of enzyme present in the sample and the quantity of phenolphthalein 
liberated. The results were found to be highly reproducible. 


67. THE ROLE OF HUMAN SERUM LIPOPROTEINS IN LIPID TRANS 
PORT: STUDIES WITH INTRAVENOUS FAT 
I’rep A. KruGcer, M.D. (By Invitation), Davin G. CornweciL, Pu.D. (By 
INVITATION), GEORGE J. Hamwt, M.D., anv J. B. Brown, Pu.D. 
(By INVITATION), CoLUMBUS, OHIO 


Previous studies have led to a working hypothesis concerning the role o! 
serum lipoproteins in lipid transport. There are two separate and distinet trans 
port systems: (1) chylomicron and high density lipoprotein (IID) and (2 
S- 10-400 and S; 3-9 lipoproteins. Chylomicrons transport alimentary trig) 
eeride (TG) via chyle to blood. Removal of triglyceride liberates high densit) 
lipoprotein. Triglyceride is secondarily incorporated into S, 10-400 lip 
proteins; removal of triglyceride transforms the latter to S- 3-9 lipoproteins. 


Studies involving oral fat are complicated by continuing absorption ov 
the period of observation. The continuous synthesis of chylomicrons obseurcs 
the degradation of the latter and the lipoprotein transformation sequence 
This complicated the analysis of changes in the composition of lipoprotein fra 
tions. Sequential alterations in serum lipoproteins after the intravenous a 
ministration of emulsified triglyceride (Lipomul) were therefore studied. Aft 
an overnight fast, 500 ml. of Lipomul was infused at a constant rate over a } 
hour period. Venous blood was withdrawn before and 0, 2, 4, 7, and 24 hou 
after infusion. Fasting was continued throughout the period. Sera wi 
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subjected to ultracentrifugal flotation by a density gradient teehnique and 
separated into chylomicron, S; 10-400, S; 3-9, and high density lipoprotein frac 
tions. The original sera and each of the fractions were analyzed for total 
cholesterol, phospholipid, and total fatty acid ester content. Normal, hyper 
lipemie, and hy percholesterolemic subjects were studied. 

The cholesterol content of the ehylomieron fractions of the early post 
infusion sera was distinctly elevated by an amount corresponding quantitatively 
to a concomitant decrease in high density lipoprotein cholesterol, There was 
a gradual increase in the S; 10-400 cholesterol which usually was maximal 7 
hours after infusion and corresponded to a quantitatively similar decrease in S; 
3-9 cholesterol. In normal individuals the 24 hour pattern resembles the pre 
infusion pattern. Alterations in abnormal individuals are interpreted in terms 
of possible defeets in transport mechanisms. 


68. SOME BIOCHEMICAL EFFECTS OF DIRECT AND DISTANT 
N-IRRADIATION ON RADIOSENSITIVE TISSUES 


N. B. Kurnick, M.D., Lone Beacu, Cauir. 


The effeets on the DNA content cellularity ), acid DNase activity, and 
weight of spleen, thymus, and bone marrow, of total body x-irradiation, x- 
irradiation of the target organ alone, and x-irradiation of sites other than the 
target organ were compared. As much as 4,000 r directed to the spleen pro- 
dueed very much less effeet than did irradiation of the rest of the body with 
S00 r with the spleen shielded. Total body irradiation produced maximal 
effect. Bone marrow responds similarly, whereas the thymus is more sensitive 
to direct irradiation, but also shows even greater reaction to the stimulus of 
irradiation of other tissues. Again, both the direct irradiation and the indireet 
effeets combined produce maximum effeet, 

The nature of the indirect effect is under investigation. Whereas steroids 
produce some of the changes induced by x-irradiation, the adrenalectomized 
mouse reacts in the same manner as the intact mouse. Seme evidence, not yet 
conclusive at the writing of this abstract, suggests that the radiosensitivity of 
organs ineluded in the irradiated field is more significant than the volume of 
tissue irradiated. This suggests that the breakdown products of injured eells 
may be responsible for the indirect effects. Experiments are in progress on the 
e feet of the intensity of irradiation on the magnitude of the distant response. 


69. THE INHIBITION OF L-THYROXINE MONODETODINATION 
BY TILYROXINE ANALOGUES 


FRANK C. Larson, M.D., AND Epwin C. ALBricut, M.D., Mapison, Wis. 


A number of thyroxine analogues inhibit the metabolic activity of this hor- 

ne. Reeentiv, 3,3’, 5’-pi-triiodothyronine (reverse T,) has been shown to 

hb «ek thyroxine activity in rats and to control the clinical state of hyper- 

t' roidism. This action may be due to competition of the analogue with 

yroxine for the monodeiodinating enzyme which converts L-thyroxine to 

0, 3’-triiodothyronine, a proposed step in the utilization of the hormone. 

T -vefore, the inhibition of deiodination of L-thyroxine by some of its analogues 
studied using rat kidney slices as the enzyme source. 

Approximately 100 mg. of kidney slice was ineubated for 4+ hours in Krebs- 

Ri ger phosphate solution containing 10°* molar T'*!-labeled L-thyroxine and the 

ay ropriate analogue in equimolar, 10 molar, and 100 molar concentrations. The 

dothyronine and iodide formed were isolated by chromatography and the 
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quantity was determined. The analogues studied were: pL-diiodotyrosine (d-Ty 
p-thyroxine (D-T,), 3,5-pL-diiodothyronine (T.), 3, 5, 3’-L-triiodothyronine 
(T;), 3, 3’, 5’-pL-triiodothyronine (T’;), 3, 5, 3’, 5’-tet raiodothyropropionie acid 
(T-P), a-methyl-thyroxamine (T,-NH.), and methoxythyroxine (OMe-T,). 

At a thyroxine to inhibitor ratio of 1:1, only T-P, T’;, and OMe-T, signif 
icantly inhibited the deiodination of thyroxine. Inhibition was observed with 
all analogues at the molar ratio of 1:10 except d-Ty and T,-NII,. At this 
analogue concentration, T-P was the most effective inhibitor followed by T’ 
D-T,, OMe-T,, and T,. No inhibition was observed with d-Ty or T,-NII.. At 
thyroxine to analogue ratio of 1:100, inhibition was nearly complete with T-P, 
T’,, and OMe-T,. Partial inhibition was observed with D-T,, T,, and d-Ty. 

With high degrees of inhibition, a second peak appeared on the chromato 
gram which had an Rf corresponding to tetraiodothyroacetie acid. The identity 
of this substance with tetraiodothyroacetie acid was confirmed by coerystalliza 
tion. 

These results indicate that certain analogues of L-thyroxine can compet 
for the monodeiodinating system which converts L-thyroxine to L-triiodo 
thyronine. The most effective inhibitors have a diphenyl! ether configuration 
and a carboxyl group in common with L-thyroxine. This evidence lends sup 
port to the concept that the antithyroxine effect of T’, is due to a block in th: 
conversion of L-thyroxine to L-triiodothyronine. 


70. BLEPILAROPTOSIS INO MYNXEDEM 


WINFRED Y. LEE, M.D. (By INviratrion), PauLt K. Morimoto, M.D. (By 
INVITATION ), DAavip Bronsky, M.D., AND SHELDON S. WALDSTEIN, M.D., 
CHicaco, Int. 


Blepharoptosis (drooping of the upper evelid has been observed in nine of 
fifteen patients with myxedema of various etiologies, including idiopathic, post 
surgical, and post-I'*! myxedema. The duration of myxedema in the patients 
with blepharoptosis varied from 4+ months to over 50 years. In one patient this 
sign was the first clinieal clue to the presence of myxedema. 

The ptosis of the eyelid in myxedema is characteristically of modest degre 
and may be overlooked easily. Lid edema may or may not be present and pup 
size is usually normal. The tarsal fold is not lost and the eyelid retraets no 
mally with upward gaze. 

Phenylephrine hydrochloride when instilled into the conjunctival sae p. 
duced a distinet correction of the blepharoptosis of myxedema in all cases. |! 
normal control subjects and patients with myxedema without ptosis instillatio: 
produced eyelid retraction. In all cases mydriasis also occurred. Elect 
myographic examination has shown normal neuromuscular responses of 
levator muscle in blepharoptosis of myxedema. By contrast, the ptosis obser 
in myasthenia gravis, muscular dystrophy, and impaired oculomotor ne! 
innervation was not affected by phenylephrine instillation. 


The evidence suggests that blepharoptosis in myxedema results prima 
from diminished sympathetic tone of Miiller’s palpebral muscle rather tha 
neural or muscular involvement of the levator muscle or simple edema of 
evelid. Such an explanation is in keeping with the recognized interrelation 
tween catechol amines and thyroid hormones. 


Blepharoptosis is another valuable clinieal sign of myxedema which sho \d 
not be overlooked. 
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Tl. THE INFLUENCE OF NEOMYCIN-BACITRACIN NASAL OINTMENT 
ON STAPITYLOCOCCAL TRANSFER IN A HOSPITAL 


Mark IL. Lepper, M.D., Harry F. Downinc, M.D.. ANpD 
GEORGE G. -.ACKSON, M.D... Cuicaco, Ibu. 





Previous studies of the epidemiology of staphylococci in hospitals have 
suggested that the accumulation of antibiotie-resistant populations stems from 
the transfer of organisms between personnel and patients. The place in this 
evele at which the impact of the antibiotie must be felt is in the patient re- 
ceiving the antibiotie. 












The ultimate source of resistant strains are such patients 
and later the personnel to patient transmission assumes importance. If it were 
possible to prevent selective implantation of resistant strains in patients re- 
ceiving antibiotics the distribution of susceptibility patterns among personnel 
should return toward that in the community. 

Studies have indicated that the nares are an important site of implantation 
and that other body areas are secondarily colonized in most patients. Some 
studies suggest that loeal antibioties will suppress this nasal earrier state. 

In this study we have used neomycin-bacitracin nasal cream to try to break 
the ehain at the level of the anterior nares of the patient. It was possible to 
confirm previous observations that the rates of implantation of new strains of 
staphylococci in patients during two control periods and during the period of 
use of thiostrepton, an agent which proved to be inactive, were 19, 22, and 18 
per cent in the first week and 15, 9, and 8 per cent per week subsequently. 
With the neomyein-bacitracin preparation these figures were 9 and 5 per cent, 
respectively. Whether this 50 per cent reduction in the number of nasal carriers 
has influenced the distribution of resistance to various commonly used anti- 
biotics was tested by susceptibility studies on organisms isolated from the per- 
sonnel. During the first 2 months of this study the percentage of organisms 
carried by the personnel susceptible to 1 meg. per milliliter of penicillin in- 
creased from 9 to 15 per cent, and those susceptible to 10 meg. per milliliter or 
less of tetracycline increased from 38 to 57 per cent. To equilibrate with the 
community at this time these levels should reach 28 per cent susceptible to 
penicillin and 78 per cent susceptible to tetracyeline. 
























72. CUTANEOUS AND PULMONARY LESIONS IN COXSACKIE 
A-9 INFECTIONS 













MARTIN LERNER, M.D., JEROME O. KLEIN, M.D., Howarp 8S. Levin, M.D., AND 
MAXWELL FINLAND, M.D., Boston, Mass. 










(INTRODUCED BY LILLIAN REcANT, M.D.) 


ifteen patients with Coxsackie A-9 infection were studied during an out- 
k at the Boston City Hospital from July through October, 1959. Four had 
te vile illnesses with vesicular rashes, two had vesicular eruptions and pneu- 


li ia, two maculopapular rashes, one a petechial rash, four aseptic meningitis 
ii wo of whom there were also petechial rashes, and one patient each had 
la. ngotracheobronchitis and pneumonia without rash. Vesicular eruption and 









Pl! imonia have not previously been associated with this virus. 
Virus was isolated in Rhesus kidney or human amnion cell culture from 


thi at swabs, reetal swabs, cerebrospinal fluid, and serum as well as lung and 
‘lv of a patient with a fatal ease of pneumonia. These are the first isolations 
8) the latter 3 sourees, and each reported isolation was confirmed at a later 


ti by reisolation. A fourfold or greater rise in neutralizing antibody titer 
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to Coxsackie A-9 virus was demonstrated in nine patients; two patients showed 
a constant titer of 1:8 or greater and one patient showed a twofold rise in titer. 

Titration of virus from the lung and liver of the fatal case, a 16-month-old 
girl, showed 10° TCD,, per gram and 10* TCD,, per gram, clearly indieating 
replication of virus in these tissues; the serum drawn just before death had less 
than 10 TCD,, per milliliter. Pathologie sections from this patient revealed an 
interstitial pneumonia with a mixed cellular infiltrate. There were many areas 
of edema, atelectasis, and emphysema. 

The vesicular eruption began on the faee and trunk, but was generalized 
in several eases involving the sealp, palms, and soles. The vesicles were 1 to 3 
mm. in size and healed without sears. This association of vesicular lesions and 
pneumonia resembled a mild form of the Stevens--Johnson syndrome. 


73. THE CARBON DIOXIDE POOL IN MAN 
GEORGE V. LERoy, M.D., GeorGe T. Oxrra, Pu.D. (By INviration), ANpD 
Epwarp C. Tocus, Pu.D. (By Invirarion), Crireaco, Tun. 


All earbon dioxide of metabolic origin enters the carbon dioxide pool and 
ultimately leaves principally via expired air. Some fraetion of the earbor 
dioxide flowing through the pool is reutilized in biosyntheses, and anothe: 
larger fraction exchanges with the earbonate of bone. The rate at which earbor 
dioxide enters the pool (i.e., the rate at which a particular substance is oxi 
dized) can be estimated if one knows the size of the pool and the fraction of th 
flow which is exereted in expired air during the experimental period. 

As a preliminary to any metabolic study (employing, for example, glucose, 
acetate, ete.) we determine the size and the kinetics of the carbon dioxide poo! 
using a 5 to 10 ne dose of NaHC™O,. An automatic instrument continuous! 
monitors the radioactivity of expired air, measures the average and the total 
volume of ventilation, and measures the concentration of carbon dioxide. Thess 
data are converted into digital information for machine analysis using a high 
speed computer. In nine healthy subjeets, the size of the carbon dioxide poo! 
was 487 + 103 mM. per square meter of surface area, or 13 + 2.8 mM. per kilo 
gram of lean body mass. The rate of flow through the pool was 602 + 198 mM 
per square meter per hour, or 15 + 4.7 mM. per kilogram per hour. The fractior 
of flow excreted in expired air was 0.71 + 0.23. The flow rate through the poo! 
and the fraction of the flow exereted are characteristic for each individual and 
are fairly constant when measured repeatedly under comparable metabolic¢ cir- 
cumstances. We estimate that approximately 0.2 to 0.6 mole per hour of carbon 
dioxide exehanges with bone carbonate. This exchange appears to be an equi 
librium reaction with no evidence that substantial trapping or sequestration 
occurs. The value for the fraction of the flow exereted in expired air is used 
as a correction factor for data obtained during studies of C'O, exeretion atter 
administration of labeled metabolites. 


74. MEASUREMENT OF PULMONARY TISSUE VOLUME AND 
PULMONARY CAPILLARY BLOOD FLOW BY A 
REBREATHING METILOD 
BENJAMIN M. Lewis, M.D., Akio Furusno, M.D. (By INviraATION), AND 
EpWARD DaLron (By Invitation), Derrorr, Micu. 


Cander and Forster (J. Appl. Physiol. 14: 541, 1959) have proposed © iat 
pulmonary tissue volume and pulmonary eapillary blood flow be measured by 
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successive periods of breath holding using a mixture of an insoluble gas 
helium and a soluble as nitrous oxide or acetylene). Sinee the alveolar 
volume must be constant during each period of breath holding and sinee ap- 
proximately 7 minutes is required 10 rid the hody of acety lene absorbed during 
the previous breath holding, this technique is time consuming and requires a 
high degree of cooperation from the subjeet. It is thus not suited to studying 
changes in these parameters. We have found that the concentration of an in- 
soluble gas reaches a constant level within 4 seconds of the start of rebreathing. 
We have therefore investigated the possibility of measuring pulmonary. tissue 
volume and blood flow by rebreathing a mixture of neon (an insoluble eas) and 
acetylene (a soluble gas) with continuous mass spectrometer analysis of 
acetylene and terminal analysis of the neon. In six normal subjects the tissue 
volume, computed from successive periods of breath holding, averaged 542 ml. 
and from rebreathing data 604 ml. In the same subjects, blood flow from breath 
holding experiments was 5.06 L., from rebreathing experiments 6.32 L. 

7. STUDIES ON TILE IEMOPOTETIC ACTIVITY OF “ANEMIC” 

AND “POLYCYTILEMIC” PLASMAS 


JAMES W. LINMAN, M.D., Curcaco, IL. 


Observations on plasmas obtained under a variety of experimental and 
clinical conditions indicate that two humoral factors exert regulatory control 
over erythropoiesis. One, apparently a glycoprotein, augments hemoglobin 
production most probably by enhancing erythroeytie differentiation from the 
pluripotential myeloid reticulum cells. The mitotic activity of erythrocytic 
precursors appears to be governed by a seeond faetor which possesses the at- 
tributes of a lipid. Evidence now at hand suggests that these agents contribute 
to the maintenance of normal erythroeytie equilibrium and are responsible for 
the inereased erythropoiesis which aeeompanies hypoxie and certain types of 
anemic hypoxia. They appear to be of etiologic significance in polyeythemia 
vera. Reeent data indicate that thromhopoiesis and granulopoiesis are subject 
to similar humoral control. 

Hemopoietie responses have been determined in groups of normal rats given 
10 daily doses of the thermostable or ether soluble fraction of plasmas from 

venty-eight patients with polyeythemia vera. In addition to stimulating 
vthroblastie cellular division as manifested by erythromicrocytosis without 
‘rease in hemoglobins or hematocrits, these materials, which are active orally 
well as parenterally, evoke thrombocytosis and granulocytosis. Heat de- 
hitured extracts of phenylhydrazine induced anemic rabbit plasma _ exert 
ntieal effects. The constaney and magnitude of the erythrocyte, thrombocyte, 
d leukocyte increases, the rapid return to normal after treatment is stopped, 
| the demonstration of hyperplasia of all myeloid elements in rats given such 
materials establish a causal relationship. Normal human and rabbit plasma 
racts contain minimal thrombopoietie activity but do not exert detectable 
thropoietie or granulopoietie effects in daily doses of 2 to 4 per cent of the 
ipients’ weights. 

These findings support the thesis that all aspects of hemopoiesis are subject 

iumoral control. Multiple factors, each affecting a single cell type, cannot 

‘xeluded. However, the plasma thrombopoietie and granulopoietie stimuli 

e not yet been dissociated from the thermostable, ether soluble erythropoietic 
or which has been studied. Pending further experimentation, it is proposed 

a single humoral factor may affeet the proliferation of all hemie elements 

may clarify the pathogenesis of the thrombocytosis and leukocytosis in 

eythemia vera, acute hemorrhagic anemia, and certain hemolytie anemias. 
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76. HYPOCHOLESTEROLEMIC AGENTS—A COMPARATIVE STUDY 


Puiuie Lisax, M.D., Witsur Oaks, M.D., AND SHELDON BENDER, M.D., 
PHILADELPHIA, Pa. 


(INTRODUCED BY JOHN Hl. Moyer, M.D. 


In recent years much effort has been directed at lowering blood cholestero! 
levels in an attempt to modify the atherosclerotic process. Although cholestero! 
is not the sine qua non for the pathogenesis of atherosclerosis, impressive evi 
dence indicates that it plays an important role. 

This article presents a comparative study of several newer agents for lower 
ing blood cholesterol. These may be elassified into three main groups: (1 
those drugs which prevent absorption of cholesterol and fat, (2) those which 
increase metabolism of cholesterol, and (3) those which inhibit the endogenous 
synthesis of cholesterol. 

Bile sequestering drugs which prevent absorption of fat by diminishing 
bile salts in the gastrointestinal tract were not effective in lowering cholesterol 
Thyroxine and its derivatives, such as p-thyroxine and triiodothyropropionic 
acid, to inerease metabolism of cholesterol, were found to be ineffective in 
euthyroid patients but impressive in hypothyroidism. These agents apparentl) 
have little effect on metabolism or in production of angina. 

Nicotinie acid in various forms for sustained release and to prevent gastro 
intestinal irritation is probably an inhibitor of cholesterol synthesis. The exact 
site of block is not known to date. The effectiveness of this agent has been 
proved but liver toxicity and clinical side effects diminish its usefulness. Thi 
newest inhibitor of cholesterol synthesis in the liver, triparanol (MER-29), was 
used in 100 patients for periods up to 2 years with significant reduction of blood 
cholesterol in 87 per cent of these subjects. To date there is little or no toxic 
effect either clinically or from a laboratory standpoint. Agents such as proteo 
lvtiec enzymes and lipases are being used with no significant effects. 


77. LIPOATROPHIC DIABETES: ISOLATION FROM URINE OF A 
POTENT ADIPOKINETIC SUBSTANCE 


LAWRENCE H. Louis, Sc.D. (By INviTatTIon), MERLYN C. Minick, M.S. (By 
INVITATION ), AND JEROME W. Conn, M.D., ANN ArRBor, MICH. 


In 1946, Lawrence designated as lipoatrophie diabetes a syndrome chara 
terized by (1) generalized, complete subcutaneous lipoatrophy, (2) diabet: 
mellitus resistant both to insulin and to the development of ketosis, (3) hyp 
lipemia, (4) hepatomegaly, (5) splenomegaly, and (6) increased basal oxyge! 
consumption in the absence of hyperthyroidism. The pathologie physiology 
the disorder has remained obscure. 

Urine from two such patients was extracted by the procedure of Chalmers 
and co-workers. It was then purified by oxyeellulose in acetic acid solution aid 
eluted with 0.1N hydrochloric acid. The material appears to be a polypepti 

When administered to mice in acute experiments it produces great 
creases in liver weight and liver fat (as much as 47 and 71 per cent, res} 
tively, in 6 hours) when initial liver fat is low (3.4 to 4.3 per cent) aid 
inereases of liver weight associated with decreases of liver fat when be -e- 
line liver fat has been raised (8.1 to 8.8 per cent). 


When the material was given chronically (2 weeks) to mice it produc 
52 per cent inerease in liver weight, a 25 per cent inerease in liver fat, a 77 
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cent increase in spleen weight, a 17 per cent decrease of blood sugar, and a 10 
per cent decrease of body weight. 

Purified adipokinetic material exereted during 5 days by one of these 
patients was administered subcutaneously to a fasting dog. In the first experi- 
ment the fasting blood sugar rose in 8 hours to 173 mg. per cent and in the 
second to 129 mg. per cent. In control studies on the same animal (extracts 
from urine of a normal well-fed man) hyperglycemia did not oceur. 

Thus, a substance, probably a polypeptide, isolated from the urine of two 
patients with lipoatrophie diabetes (and absent from the urine of well-fed 
normal people) is capable of producing fatty hepatomegaly, splenomegaly, hypo- 
glycemia in mice, and hyperglycemia in the dog. Exeessive production and 
activity of this substance is probably the cause of the syndrome of lipoatrophie 
diabetes. 


78. OBSERVATION ON BLOOD AMMONIA AND GLUCOSE 
IN PATIENTS WITH LEUKEMIA 


RoBERT T. MANNING, M.D., AND WILLIAM E. LARSEN, M.D., Kansas City, KAN. 
INTRODUCED BY SLOAN -J. Winson, M.D.) 


It has been demonstrated that ammonia generation occurs when blood is 
allowed to stand in vitro, although usually to a negligible extent for the first 
“0 minutes after shedding of the specimen. 

Our attention has been called to the very rapid in vitro rise of ammonia 
content of blood from patients with leukemia. This is associated with a fall in 
“iuecose content. 

Four patients with leukemia have been studied whose white blood counts 
ranged from 77,000 to 450,000. Three had chronie granulocytic and one chronie 
mphatie leukemia; none had any elinical manifestation of ammonia intoxication 
hypoglycemia. Blood was obtained from each patient and allowed to stand 
vitro. Zero time and 10 minute aliquots were placed into trichloroacetie acid 
d sodium fluoride and the filtrates were subsequently assayed for ammonia 
| wluecose content. 


A rapid increase of measurable ammonia occurred in all patients, reach- 
400 to 1,000 per cent of the zero time level within 20 minutes of shedding. 
od glucose diminished more gradually, reaching levels of 10 to 30 mg. per 
t in one hour. 

A discussion of the significance of these results as a souree of laboratory 
rand as a clue to leukocyte metabolism is given. 


19. SERUM BILE PIGMENT FRACTIONS DURING THE 
COURSE OF JAUNDICE 


DouGcLAs B. McGiLu, M.D. (By Invitation), HARRY N. Horrman, II, M.D. 
(By INVITATION), AND JESSE L. BoLLMAN, M.D., ROCHESTER, MINN. 


A method for measuring diazo pigments A and B in serum, bile, and urine 
introduced by Sehachter. We have simplified the method and adopted 
rent techniques of standardization. Results are reproducible, and the sum 
\ and B correlates well with the total of conjugated pigment measured by 
Malloy-Evelyn method. Photo-oxidation is variable and dependent on the 
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solvents used. With the method employed in this study, accurate quantitation 
of pigments I and II in bile and urine was not possible. 

Six dogs with obstruction of the common bile duct were examined weekly 
for periods up to 13.5 weeks. The percentages of direet reacting bilirubin as 
pigment I and pigment II were ealeulated. Pigment Il predominated in sera 
for the first 2 weeks but at a progressively diminishing level in all dogs. Ther 
after pigment I predominated. After an initial rise, total serum bilirubin levels 
fell, rising again during the second week to reach a plateau that was maintained 
until death. Cortisone did not affeet these values. Values for pigment IT wer 
10 to 15 per cent lower than those obtained with chromatographic methods in 
a similar series of dogs. Pigment patterns were the same. 

Fifty-six patients with nonhemolytie jaundice were studied. A lack ot 
correlation between the pigment pattern and the type of disease suggested that 
such determinations are of limited elinieal value. Eleven patients had no 
pigment II in the serum. Im all these patients, jaundice was clearing. Two 
other patients were examined as the jaundice subsided. One had serum hepatitis 
and the other had undergone a choledochojejunostomy for a benign stricetur 
Each originally had had approximately 30 per cent pigment IT which deereased 
as jaundice cleared until—although they still were distinetly icterie—onl) 
pigment I was detected in the serum. Different renal clearance rates of 
pigments I and IT may aecount for this phenomenon. The variability of biliru 
binuria during the course of jaundice may be explained in part by these findings 


80. VENTRICULAR TENSION AS A DETERMINANT OF MYOCARDIAL 
OXYGEN CONSUMPTION 


WiLtuiAM P. McKeever, M.D., Hitpecarp Braun, Pu.D.. Martin Kosmin, B.S.. 
JOSEPH D. Crort, Jr., B.S., AND DONALD Coper, B.S., Cricaco, Inu. 


(INTRODUCED BY STUYVESANT BuTLER, M.D.) 


Previous studies have demonstrated that immediately after induetion of 
asystole by vagus stimulation there oceurs an increase in myocardial oxygen 
uptake which subsequently drops to a resting level. The initial excess uptak 
after cessation of work may represent an oxygen debt. To investigate this 
further, under more physiologic circumstances than asystole, the effeets of 
stretching and relaxing the myocardium on the course of oxygen uptake were 
determined in the beating and fibrillating dog heart. It was hoped that further 
light might be shed on the nature of the inefficiency of the dilated heart 
failure. 

The left main coronary artery was cannulated and perfused with blood fro 
the animal’s own coronary or from a donor. The rate of inflow was maintain 
constant by an interposed Sigmamotor pump. <A continuous aliquot of coron: 
sinus blood was drawn through a photoelectric densitometer for oxygen analys 
and subsequent caleulation of oxygen uptake. In the intact animal ventricu 
distention was produced by constriction of the aorta. In other experiments | 
perfused heart was excised from the chest and a balloon connected to a sti 
gauge introduced into the left ventricle. By inflating the balloon exaet incre- 
ments of pressure could be produced in the beating or fibrillating ventricle. 

Increasing intraventricular pressure with distention of the beating 
fibrillating hearts evoked increased oxygen uptake. Abrupt reduetion of 
load resulted in a further immediate increase in oxygen uptake for 10 t 
seconds with subsequent reduction to a reduced level. This increment is 
lieved to be further evidence of an incurred oxygen debt. It was noted in | 
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heating and fibrillating hearts despite a constant coronary inflow. In the beating 
heart in situ, it was less than in the isolated heart. It may be that the inefficieney 
of the dilated failing heart is a function of excessive oxygen utilization and debt 
evoked by stretch. In this respect stretching the more normal heart in situ 
resulted in a smaller debt than the less physiologie isolated heart. 





SL. ADJUVANT POLYVALENT 








INFLUENZA—ADENOVIRUS VACCINE 












GORDON MEIKLEJOIUN, M.D... DENVER, CoLo. 





Vaccine containing four Influenza A (Jap 305, AA-57, PR8, and Swine), 
two Influenza B (Lee and GL-55), and two adenovirus strains (types 4 and 7) 
emulsified in mineral oil—Arlacel adjuvant was given to 2,303 men in the fall of 
1959. A control solution was given to 2,256 men in the same military units. 
Antibody response to influenza A, and adenovirus type 7 was of high order. No 
undesirable reactions to the vaecine were noted. All men hospitalized with 
acute respiratory disease were bled on admission and 3 weeks later. Illnesses 
were classified by results of appropriate serologie tests. Outbreaks of influenza 
A, and adenovirus type 7 oceurred between mid-January and mid-April, 1960. 
In the control group, there were 35 cases of influenza, 40 of adenovirus infections, 
and 3 of both influenza and adenovirus. Sixty patients had no antibody increase 
for either virus. In the vaccinated group there were 2 cases of influenza and 4 
of adenovirus infection. Sixty-four patients were negative for both viruses. 
The protection ration for influenza A. was approximately 94 per cent, and for 
adenovirus, 90 per cent. The reasons for the remarkable degree of protection 
and the advantages and limitations of adjuvant vaeeines are discussed. 















82. INVESTIGATIONS ON TILE REDUCTION IN ADRENAL STEROID 
HORMONE PRODUCTION BY AN INHIBITOR OF 
CHOLESTEROL BLOSYNTILESIS 
James C. Metay, M.D., Martys Sr. Cyr, B.A.,, 
LIttLE Rock, ARK. 


AND SIDNEY L. DALE, B.A.., 












(INTRODUCED BY RoBert S. ABERNATHY, M.D., Pxu.D.) 


















Sinee cholesterol is the predominant precursor of adrenal steroid hormones, 
inhibition of its formation could result in reduced steroid formation. Triparanol, 
which inhibits cholesterol biosynthesis at a step after formation of zymosterol, 
Wis administered in a dose of 500 mg. daily to five healthy adults for 10 days. 
L:inary metabolites of cortisol were measured by the method of Silber and 
Porter (17-OHCS) and of Norymberski (17-ketogenic steroids). Metabolites 
0 the adrenal androgens were quantitated as 17-ketosteroids. A method for 
\! » determination of the tetrahydrometabolite of aldosterone has been developed 
Ww ich involves enzymatie hydrolysis, extraction, paper chromatography, and 
( intitation with euprie acetate oxidation and the Porter-Silber reaction. 
Tl ese metabolites were measured before and during treatment with triparanol. 
Z\\e corticotropin was injected daily for 2 days prior to and the last 2 days of 
t: varanol treatment. Average basal excretion of steroid metabolites and re- 
S| nsiveness to corticotropin were reduced 50 per cent during administration of 
inhibitor whereas serum cholesterol levels were not significantly altered. 
P sma cortisol levels after pyrogen stress were also reduced compared to 
rols. Steroid production by incubated rat adrenal slices was similarly im- 
ed. Two patients with hyperadrenalism are currently receiving the in- 
itor. Reduetion of steroid excretion has been achieved in both. 
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Evaluation of clinieal status will be presented. 

In summary, a relatively nontoxie inhibitor of cholesterol synthesis, 
triparanol, regularly reduces adrenocortical secretory activity in man. Impliea 
tions as to the use of this inhibitor in hyperadrenal states and as a tool in 
fundamental studies on steroid biosyntheses are suggested. 


83. INDUCTION BY HYALURONIDASE OF TOLERANCE 
TO MATERNAL TISSUE IN RABBITS 


BENJAMIN F.. MILLER, M.D., PAUL NatrHan, PH.D. (By INVITATION), AND 
EDUARDO GONZALEZ, M.D. (By INviration), CINCINNATI, OHIO 


This study is a part of a long-term project directed toward understanding 
transplantation problems so as to alleviate certain chronic, terminal diseas 
states such as uremia. 

Skin grafts from rabbits placed on closely related recipients are rejected 
through an immunologic reaction. Even tissues transferred from a mother 
rabbit to her mature progeny are rejected as rapidly as those from an unrelated 
donor. 

Medawar and his associates have shown that the injection of adult cells 
into fetal rabbits produces tolerance to skin grafts from the specifie donor. In 
the normal course of pregnancy, if sufficient maternal antigen were to enter thi 
developing fetus, the mature young rabbits would be tolerant to the mother’s 
tissues. It is believed that spontaneous maternal tolerance does not oceur during 
pregnancy because the maternal-fetal barrier of the rabbit confines the mother’s 
transplant antigen to her own circulation. 

The present report describes an enzymatic method for inereasing§ the 
permeability of the maternal-fetal barrier to the transplant antigens. IT) 
aluronidase, which is known to increase the transfer of large moleeules across 
the walls of blood vessels, has been given as a single intravenous injection to 1° 
pregnant rabbits at various times between the sixth and twenty-second days 0! 
pregnancy. (The gestation period for the rabbit is 31 days.) The amount o! 
hyaluronidase employed varied from 15 to 100 turbidity reducing units. 

The results suggest that hyaluronidase permits the transfer of maternal! 
tissue antigens into the fetus. Nineteen young rabbits were obtained from thos 
mothers injected between the eleventh and fifteenth days of pregnancy. Eight 
of these young animals maintained maternal skin grafts for 12 to 21 days, and 
one animal maintained its transplant for more than 40 days. The control skin 
grafts were all rejected in 5 to 10 days. 


84. THE CONCEPT OF A DIGESTIVE SURFACE IN THE SMALL 
INTESTINE: CELLULAR NATURE OF DISACCHARIDE 
AND PHOSPHATE ESTER HYDROLYSIS 


Davip MiuuerR, M.D., AND Ropert K. CRANE, Pu.D., St. Lous, Mo. 


(INTRODUCED BY ALBERT B. EISENSTEIN, M.D.) 


According to aecepted concepts, the digestive degradation of carbohydr: ‘e 
foodstuffs to monosaccharides occurs entirely within the lumen of the alimenta’) 
canal through the action of enzymes secreted by the salivary glands, the panerc:s, 
and the epithelium of the small intestine. Data obtained with new in vitro t 
niques are at variance with this concept. The late phases of carbohydr. te 
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digestion (disaccharide and phosphate ester hydrolysis) appear to be a funetion 
of the intact epithelial cell and to be spatially intimately related to the process 
of active sugar absorption. In the present view, the appearance of intestinal 
digestive enzymes in the suceus entericus is incidental to the shedding of 
epithelial cells from the mucosa in the normal course of its regeneration and is 
not relevant to the process of digestion. 

Strips of hamster intestine were incubated under various conditions with 
monosaecharides, disaccharides, or a sugar phosphate ester, and sugar concentra- 
tions in the tissue and medium were measured at intervals. Monosaecharide 
accumulation in tissue ineubated with sucrose, maltose, or glucose-1-phosphate 
could not be attributed to hydrolysis in the medium and subsequent absorption. 
The extent of accumulation depended, for example, on medium disaecharide 
rather than monosaccharide concentrations. Other experiments using phlorhizin, 
o-dinitrocresol, or a medium containing glucose oxidase also indicated that 
hydrolysis occurred in the intestinal wall. The brush border regions of the 
epithelial cells were isolated by a method of tissue fractionation and found to 
possess the major portion of the invertase and maltase activities of the cells. 

These studies indieate that the final phase of carbohydrate digestion, the 
production of monosaccharides, is a function of the intaet mucosal epithelium. 
Furthermore the loealization of the requisite enzymes to the brush border region 
of the mucosal cell suggests that this region constitutes a “digestive surface” 
within which monosaccharides are produced and from which they may be 
absorbed by a specifie transport process, 


85. EFFECT OF IN VIVO CIGARETTE SMOKE ON TILE SURFACE 
TENSION OF EXTRACTS OF RAT LUNGS 


Dran A. Mintuer, M.D., Stuart BonpuRANT, M.D., JAcK Bratron, M.D., 
AND THomMas McIbLroy, B.S., INDIANAPOLIS, IND. 


(INTRODUCED BY -JoHN B. Hickam, M.D. 


It has been suggested that stability of alveoli of varied size is partially due 
changes in alveolar surface tension with changes in surface area. Lung 
extracts manifest a decrease in surface tension with decrease in surface area 
ilar to that thought to oecur in the alveoli. Cigarette smoke applied to these 
tracts eauses a reduction both in the surface tension and in the change of 
surface tension with change in surface area. To study the effect of cigarette 
smoke in vivo, sixteen adult rats were exposed to mechanically produced 
rarette smoke for eight 30 minute periods on 3 consecutive days. Temperature, 
midity, and pCO, were controlled. These animals and fourteen control 
imals were killed with pentobarbital and surface active material was extracted 
perfusing the excised lungs with saline while intermittently ventilating the 
es. The tracheal effluent thus obtained was collected and air dried. The 
face tension of 5 mg. samples was measured on a modified Wilhelmy balance 
urface areas of 100 em.? (.A,) and 20 em.* (A,) 
Control A, equaled 46.4 + 5.5 dynes per centimeter; smoke A, equaled 30.9 
3 (p < 0.001); control A, equaled 19.7 + 2.9; smoke A» equaled 14.5 + 5.6 
0.005). The change in surface tension with change in surface area from 
l'') to 20 em.2 was 26.8 + 6.0 for controls, 16.4 + 7.1 for smoked animals 
- 0.001). Inhalation of cigarette smoke appears to alter the surface tension— 
‘ace area relationship of material which is extracted from the lung. Similar 
iges occurring in vivo would be expected to alter the stabilizing effect of the 
olar lining. 
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86. HOMOLOGOUS TISSUE REACTIONS FOLLOWING 
MICRO-TRANSFUSIONS OF BLOOD 


(. W. Monrog, M.D. (By IxNviratrion), D. A. Mappen, BoA. (By INviratrion 
S. SwarrzBauGcuH, Pu.B. (By Ixviratrion), anp R. HL. ANDRESEN, M.D)., 
CnicaGco, Int. 


Previous studies have shown that it is always possible to eliminate the 
customary inflammatory reaction to musculofascial cross homografts in rabbits 
by single transfusions of blood (20 ml. or more) prior to eross grafting. The 
posttransfusion homologous tissue reaction, regardless of blood types, consisted 
of varying degrees of vascular penetration of the graft by the host accompanied 
by minimal fibroblastic proliferation and collagen deposition in the eurious 
absence of inflammation. The present experiments were designed to determin 
the minimal quantity of blood required to elicit classic posttransfusion graft 
reactions. Thirty-one pairs of New Zealand rabbits were cross transfused wit! 
quantities of blood ranging from 5.0 to 0.0125 ml. in different experiments. On¢ 
day after the single cross transfusion, the animals were eross grafted. Two weeks 
later the grafts were prepared for microseopie study. This showed that 
quantities of blood ranging from 5.0 to 0.5 ml. elicited typical posttransfusion 
reactions in 80 per cent of the series, whereas 0.5 to 0.0125 ml. produced identica! 
graft reactions 50 per cent of the time. The remainder of the homografts showed 
varying degrees of obliterative angiitis and Ivmphoeytie infiltration, charac 
teristic of homografts in control experiments. These studies have shown that it 
is possible under these conditions to eliminate the inflammatory reaetion to 
cross homografts by cross transfusions of quantities of blood as minute as 0.0125 


ml. prior to cross grafting. These findings reveal the remarkable antigenicity of 
microquantities of blood. 


87. QUANTITATIVE STUDIES OF THE EFFECT OF GLUCOSE UPON 
THE RELEASE OF FATTY ACID BY ADIPOSE TISSUE 


Joun A. Moornouse, M.D., GERMAIN .J. Roy, B.A., AND 
Gorvon R. GRAHAME, M.D., WINNIPEG, MANITOBA 


(INTRODUCED BY Forp K. IlicK, M.D.) 


The release of nonesterified fatty acids (NEFA) by adipose tissue is 1 
creased during fasting and suppressed by glucose. The quantitative relation 
ship between glucose concentration and inhibition cf nonesterified fatty acid 
release has not previously been defined. 

Tsolated rat adipose tissue was ineubated for 2.5 hours at 37° C. under 1! 
per cent oxygen in 2 ml. phosphate buffer that contained 2.5 per cent hun 
albumin and various concentrations of glucose from 0 to 400 mg. per 100 | 
in the presence and absence of 1,000 microunits insulin per milliliter. Inhibit 
of nonesterified fatty acid release was expressed as the amount released 
elucose-free flasks minus the amount released in flasks containing glucose. 

The molar ratio between glucose uptake and inhibition of nonesterified f: 
acid released was approximately 1. Inhibition of nonesterified fatty acid rel 
was a linear function of the logarithm of glucose coneentration. Without ins’ 
the regression coefficient of inhibition of nonesterified fatty acid release 
mieromols per gram of fat upon log glucose concentration in milligrams 
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100 ml. was 1.973. Inhibition was complete at 470 mg. per 100 ml. With insulin 
the regression coefficient was 1.570 and inhibition was complete at 100 mg. per 
100 ml. 

Eight healthy human subjects were given 1 Gm. glucose per kilogram 
intravenously. Relevant mean blood levels were: fasting glueose, 77 mg. per 
100 ml.; glucose 10 minutes after injection, 199 mg. per 100 ml.; fasting non- 
esterified fatty acids, 0.678 mEq. per liter; nonesterified fatty acid plateau after 
glucose, 0.322 mEq. per liter. Nonesterified fatty acid coneentration decreased 
3 per cent. In vitro without insulin this decrease would be aeeounted for by 
the observed elevation of glucose concentration, and would be maintained at 
lower glucose levels in the presence of insulin concentrations within the physio- 
logie range (<200 microunits per milliliter 

In similar experiments on six subjects the following values were derived or 
applied: mean fasting serum nonesterified fatty aeid level, 0.577 mEq. per liter; 
mean serum nonesterified fatty acid level during postinjection suppression last- 
ing 207 minutes, 0.408 mEq. per liter; mean plasma volume, 3.5 per cent of body 
weight; mean nonesterified fatty acid turnover rate, 32 per cent per minute 
J. Clin. Invest. 37: 1504, 1958). Assuming a constant turnover rate, the mean 
quantity of nonesterified fatty acids prevented from leaving the fat depots by 
glucose injection was 8.6 Gm., or 77 calories. The mean amount of glucose in- 
jected was 21.6 Gm., or 86 ealories. 

Inhibition of nonesterified fatty acid released by isolated rat adipose tissue 
is directly proportional to the logarithm of the g@lueose eoneentration. Pre- 
liminary studies suggest that this relationship may he applieable to the human 
subject. 


SS. BICARBONATE REABSORPTION IN TILE DOG WITIL UNILATERAL 
EXPERIMENTAL PYELONEPHRITIS 





Peter A. Morrin, M.B., B.Cu. (By INviratrion), Neau S. Bricker, M.D., 
S. WesLEY Kime, Jr., M.D. (By INviratrion), LEONARD N. NEWMARK, 
M.A. (By INvirarion), AND W. BurTON GEDNEY, M.D. 


(By Inviration), St. Lours, Mo. 





The metabolic acidosis of chronie renal insufficiency has been partly at- 
buted to impaired conservation of bicarbonate by diseased kidneys. To 
iluate this hypothesis renal biearbonate reabsorption was studied in dogs with 
ilateral pyelonephritis. The contralateral intact kidney served as a control 
d maintained an essentially normal internal environment. Disease was in- 
ced in one kidney only and produced approximately 50 per cent reduction of 
merular filtration rate for that kidney. Bicarbonate reabsorption was 
asured with standard clearance techniques while the plasma bicarbonate level 
S progressively inereased by infusion of sodium bicarbonate. In addition, 
ilar studies were performed at elevated plasma bicarbonate levels maintained 
e istant during the period of observation. 

The pH and biearbonate concentration of urine from the diseased kidney 
s! »wed no constant relationship to that from the control. Bicarbonate re- 
a| .orption per unit of glomerular filtrate, at each plasma bicarbonate level, was 
a ost equal bilaterally, but the diseased kidney consistently reabsorbed slightly 
of its filtered biearbonate. A similar difference in sodium exeretion has 
P viously been reported and attributed to an increased glomerular filtration 
 & per nephron in the diseased organ. Accordingly, studies were performed 
ad: ring which the glomerular filtration rate of the diseased kidney was reduced 
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by renal arterial constriction. Prior to constriction, the diseased kidney re 
absorbed a slightly smaller fraction of its filtered bicarbonate; after constrictior 
glomerular filtration rate fell slightly and bicarbonate reabsorption, per unit o! 
filtrate, increased and exceeded that of the control organ. These studies indicat: 
that the residual nephrons of the diseased kidney reabsorb bicarbonate com 
parably to those of a normal organ despite histologic abnormalities. The slight 
decrease in reabsorption per unit of filtrate in the diseased kidney may relat: 
to an inereased glomerular filtration rate per nephron in the experimental organ 
The inereased reabsorption after arterial constriction supports this hypothesis 

These findings suggest a possible mechanism for bicarbonate wasting ii 
chronie Bright’s disease. If an inereased glomerular filtration rate per nephron 
is present in the diseased kidney, bicarbonate exeretion may be anticipated at 
plasma bicarbonate levels normally associated with complete reabsorption and 
would be expected to continue until the filtered load of bicarbonate fell to equa 
the reabsorbing capacity of the diseased kidney. 


89. FURTHER EVIDENCE IN SUPPORT OF AN ANTIILYPERTENSIVE 
PRINCIPLE FROM THE RENAL MEDULLA 


E. E. Murrueap, M.D., Mary Kocinskt, M.S. (By INviration), AND 
B. Brooks (By Invitation), Detrrorr, Micn. 


An extract of renal medulla, which displays antihypertensive properties 
toward renoprival hypertension (J. Las. & Curx. Mep. 56: 167, 1960), has been 
tested under additional circumstances : 

In paired experiments (10 dogs) large volumes of saline were infused intra 
peritoneally (50 to 100 ml. per kilogram per day) after bilateral nephrectom) 


One animal of each pair received medullorenal extract (5 ml. per kilogram per 
day); the other did not. The arterial pressure was distinctly lower for tli 
group receiving the extract. Overlap of the data occurred only in the results 
from two unpaired dogs. The renal extract seemed to inhibit the potentiation o! 
renoprival hypertension by large sodium loads. 

When renin was infused intravenously daily for 4 days to normal dogs, the 
arterial pressure was sharply elevated and returned to the base line, as expected. 
The daily elevations of the mean arterial pressure averaged +50 to 55 mm. Ile, 
and return to base line oceurred after 8 or more hours (7 dogs, diet 3 Gm. protein 
per kilogram per day plus sodium 2.5 mEq. per kilogram per day). When renin 
was infused into nephrectomized dogs under the same conditions the mea! 
arterial pressure did not return to the base line; instead the daily elevatio: 
of renoprival hypertension occurred (7 dogs, average change +41 mm. He¢e at 
days). When a mixture of renin and medullorenal extract was infused into 
nephrectomized dogs (10 dogs) the renin pressor effect occurred, but the arte: 
pressure returned to the base line as in the normal animals. Extracts from ot! 
tissues were not effective. 

Thus, the medullorenal extract inhibited renoprival hypertension even w! 
daily infusions of renin were given. The extract did not appear to possess anti- 
renin and antiangiotensin properties, but seemed to be effective via a differ 
pathway. 

Preliminary observations indicated that the medullorenal extract low: 
the arterial pressure of dogs with the Goldblatt type hypertension of 3 mont 
duration or less. After adniinistration of the extract was stopped, a sud 
overshoot of the arterial pressure transpired, suggesting a rebound phenomen 

These observations support further the existence of an extractable prinei 
from the renal medulla capable of antihypertensive function. 
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90. 





RADIOTHYROXINE UTILIZATION IN CHILDREN 











LEO OLINER, M.D., Morap -JJAcopson, M.D.. VioLerta ANGARA, M.D., 
AND RALPH HL. KuNstaptrer, M.D., CuHicaco, IL. 


(INTRODUCED BY WILLIAM R. KirtLeEy, M.D.) 






Previous investigations on thyroid function in children using radioiodine 
J. Clin. Endocrinol. 17: 61, 1957; Am. J. Dis. Child. 96: 536, 1958) have indi- 
eated greater secretion and degradation rates in children when compared to 
adults. In vivo labeled hormonal iodine utilization in children to age 8 years, 
ealeulated from thyroidal secretion rate and radioactive protein-bound iodine 
release data, was estimated to be 93 pve per day or 4.99 ng per kilogram per day. 
The results of radiothyroxine infusion studies in 40 euthyroid children up to 
age 12 years and in eleven young adults indicate increased rate of thyroxine 
degradation and quantity utilized per kilogram of body weight in children 
when compared to young adults. 














The data substantiate that a state of relative thyroidal hyperactivity exists 
in children up to age 9 years, representing in all probability a homeostatic ad- 
justment for inereased hormone requirements for growth and maturation of 
special tissues. 


91. DIFFERENTIATION OF MASSIVE PERICARDIAL EFFUSION 
FROM CARDIAC DILATATION USING I'?-LABELED ALBUMIN 
L. 


















P. O’Meauulr, M.D. (By Invitation), W. D. Love, M.D., AND 
G. E. Burcu, M.D., New ORLEANS, La. 






It is frequently impossible to determine clinically whether gross enlarge- 

ent of the heart shadow is caused by pericardial effusion or by eardiae dilata- 
on. To aid in this differentiation, a simple isotope technique previously intro- 

‘iced has been used to estimate the volume of blood within the heart in such 
tients. Pericardial ‘effusion was found to produce a large cardiae shadow 
thout the proportional rise in intraeardiae blood volume which was regularly 
ind in eases of eardiae dilatation. 


? 
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Intravenously injected I'**-labeled albumin becomes essentially evenly mixed 
the circulating plasma before a significant amount escapes from the blood. 
‘Tierefore, comparison of the total radioactivity of the cardiae area 10 minutes 
er injection of the tracer with that of venous blood at the same time gives 
estimate of the amount of blood within the heart. To measure cardiac radio- 
ivity the heart shadow was outlined fluoroscopically with the subject in the 
‘ine position, and the adjacent areas were shielded with lead. The area of 
cordium monitored was, therefore, directly proportional to the size of the 
rt shadow. <A 2 by 2 inch Nal scintillation crystal was placed 25 em. from 
anterior chest wall to obtain nearly equal sensitivity of the counter to [’* 
separate parts of the heart, and to minimize interference by adjacent tissues. 
inting was standardized with Masonite phantoms. 

Intraecardiae blood volume was estimated in forty-nine patients with and 
Ww: hout heart disease. In those without pericardial effusion there was an ap- 
P! ximately linear relationship between the area monitored and the apparent 
liae blood volume. In patients with effusion intracardiae volume averaged 
ml. below this mean relationship. The individual discrepancies ranged from 
to 1,235 ml., or 16 to 62 per cent of the expected volume. Small changes in 
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the same direction have been previously demonstrated in subjects with pre 
dominant myocardial hypertrophy; and similar results would be expected when 
a large tumor formed part of the heart shadow. 

This procedure is safe and readily aecepted by the patient. These results 
indieate that it has promise as a valuable diagnostic procedure. 


92. CATIONS, WATER, AND PERIPILERAL VASCULAR RESISTANCE 


H. W. OversBeck, M.D. (By Ixvirarion), J. I. Mounar, M.D. (By INviration 
AND F’. J. Happy, M.D., Pu.D., Cuicaco, Iu. 


Beeause of the possible relationship of cations to hypertensive and hypo 
tensive states, we previously reported (Am. J. Physiol. 197: 637, 1959; Cireula 
tion Res. 8: 57, 1960) that brachial arterial infusion of hypertonie K*, Na‘, o: 
Me** salts decreased limb small vessel resistance whereas Ca** salts inereased 
small vessel resistance. It was felt that these changes resulted from active 
arteriolar dilatation and constriction, respectively, because of direet actions of 
the cations upon the contractile mechanism of smooth muscle cells. Ilowever 
others suggested that some of the changes might be related to solution hyper 
tonicity (Am. J. Physiol. 197: 951, 1959; Cireulation Res. 8: 538, 1960). Henee, 
experiments were designed to separate ion from tonicity effects utilizing constant 
blood perfusion and small vessel cannulation in the dog forelimb (Minnesota 
Med. 41: 162, 1958). A total of 340 brachial arterial infusions were made in 52 
dogs. Isontonie KCl decreased small vessel resistance whereas isotonic CaC] 
increased small vessel resistance. Isotonic NaCl had no effect but did not chang: 
serum (Na*). ILypertonie KCl produced 3 times the decrease in small vesse! 
resistance produced by equally hypertonic dextrose, whereas CaCl, at equa 
hypertonicity increased small vessel resistance. Hypertonic NaCl, Na.SO,, and 
Na,HPO,, infused to increase equally limb serum (Na’‘) irrespective of tonicity, 
evoked different decreases of small vessel resistance, paralleling tonicity. Hyper 
tonic dextrose, Na.SO, and NaCl, infused to increase equally serum tonicit) 
irrespective of serum (Na*), produced equal decrease in small vessel resistance: 
Decrease of serum (Na*) by rapid infusion of isotonie dextrose evoked fall ot 
small vessel resistance equal to that of control isotonie NaCl infusion. Hyper- 
tonic dextrose, urea, NaCl, Na.SO,, and Na. HPO, decreased limb small vessel re 
sistance, weight, hematocrit, hemoglobin concentration, and corpuscular volun 
Blood viscosity did not change except during dextrose infusion when it in 
ereased. Rapid infusions of hypotonic dextrose or NaCl did not change smal! 
vessel resistance despite large falls in blood viscosity. Henee, K* and Ca 
actively affect the contractile mechanism of arteriolar smooth musele_ in- 
dependently of tonicity, whereas Na* probably does not. Tonieity changes 
evoke movement of water out of or into the smooth muscle cell resulting in 
arteriolar dilatation or constriction. The latter may be passive, as a result 
dehydration or overhydration of the arteriolar wall, or active, possibly as a 
result of changes of intracellular cation concentrations. 


93. AN EFFECT OF VASOPRESSIN ON TILYROLD FUNCTION IN MAN 


RicHARD KE. Pererson, M.D., Ropertr F. Cecu, M.D.. ANpb 
Rospert W. JouNnson, M.D., Iowa Crry. lowa 


(INTRODUCED BY GEORGE N. BepeuL, M.D.) 


Experimental animal studies have implied that the posterior pituit 
influences thyroid function. Others have suggested that vasopressin relea-es 
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ACTIL and/or less convineinely thyrotropic hormone. 


This study was carried 
out-to examine the effeets of vasopressin on human thyroid function. 

Twenty euthyroid men were studied. Thyroid uptake (4, 6, and 24 hours), 
urine I'** exeretion (0 to 4 and 4 to 24 hours), and serum I'*! and serum butanol 
extractable I)" (4 and 24 hours) were measured after tracer doses of I'*' were 
administered. Ten patients received vasopressin initially, followed by a placebo 
study. The other ten patients were studied in reverse. To minimize the in- 
fluence of endogenous variability in repeated thyroid studies, the drug or placebo 
was given only after observations were completed at the fourth hour.  Vaso- 
pressin or saline (1 ml. intramuscularly) was given after the fourth, twelfth, 
and twentieth hour, and differences in treatment effects were noted in the paired 


} 


l ervations. 
Urinary ['°! exereted between 4 and 24 hours was 39.7 per cent of the dose 
in the placebo group and 41.5 per cent in the Pitressin treated groups (p > 
0.4 The inerease in thyroid uptake between the fourth and twenty-fourth hour 
was 7.85 per cent of the dose for the placebo studies and 11.30 per cent for the 
Pitressin studies (p 0.01). There was no significant difference between 
placebo and Pitressin studies (—1.190 per cent per liter and —1.250 per cent per 
liter) in the deerease in serum I'*' between the fourth and twenty-fourth hours. 
llowever, the change in serum butanol extractable I'*! between the fourth and 
twenty-fourth hours was +1.16 x 10° per cent per liter for the placebo group and 
1.20 x 10°° per cent per liter for the Pitressin group (p < 0.05). 
study (ten adults 
and saline. 


A similar 
showed no significant difference in effeets between oxytoein 


Vasopressin administration caused a significant increase in thyroidal eon- 
centration of L'*' and a significant decrease in serum butanol extractable ['*'. 
(xvtocin administration had no significant influence on these thyroid funetion 
SI ilies. 









94. FLUORESCENCE MICROSCOPY IN TILE STUDY OF 

MEGAKARYOCY TES IN THROMBOCYTOPENIC 

PURPURA 

ANTHONY V. Pisciorra, M.D., AND JAMES L. McKENNA, M.D. 
(By INviration ), MILWAUKEE, WIs. 


In idiopathic thromboeytopenic purpura, the low platelet count is frequently 
‘companied by morphologic alteration of megakaryocytes of the bone marrow. 


[here may be absence of platelet formation, loss or retraction of cytoplasmic 
granulation, hyalinization or vaecuolization of ¢ytoplasm, and an increase of im- 
lature megakaryocytes, some with budding of abnormal platelets. When plasma 
Irom certain patients with idiopathic thrombocytopenic purpura is given to 
normal individuals, a drop in platelet count accompanied by these changes in 
I 


akaryoeytes may be observed within 2 hours of the infusion. This suggests 
moral substance in idiopathic thrombocytopenic purpura which both destroys 
p' telets in the peripheral blood and compromises the development of 
ii vakaryoeytes. What is needed is an in vitro technique to visualize a direct 
ai’ ck upon megakaryoeytes, 

In these studies, bone marrow smears from patients with and without 


th mboeytopenia were fixed in alcohol, washed, and incubated with fluorescein- 
lal led antiglobulin serum (direct preparation). Observations were also made 
to vetermine whether fluorescence could be conferred upon normal megakaryo- 
2 from nonthromboeytopenic individuals with test serum from normal in- 
GQ) 


luals and patients with thrombocytopenia prior to treatment with fluores- 
antiglobulin serum (indirect preparation). 













































FOR CLINICAL RESEARCH 





CENTRAL SOCIETY 








To date, fluorescence of megakaryocytes was noted in seven of fourteen pa- 
tients with chronie idiopathie thromboeytopenie purpura. Subsequent observa- 
tions of those showing fluorescence show disappearance of fluorescence during 







suecesstul therapeutic periods (corticosteroids or splenectomy) but reappearance 






of fluorescence during relapse. 






No fluorescence of megakaryocytes was noted in seven children with aeute, 
postinfectious, thrombocytopenic purpura or in ten others with normal platelet 








counts. 





Using the indirect technique, fluorescence was conferred on normal mega 
karyoeytes after incubation with serum from six patients with chronie idiopathic 
thromboeytopenie purpura, one patient with megakarvoeytie “aplasia,” one with 







polyarteritis, and one woman who bore a thromboevtopenie infant. Fluorescence 
was not transferred to megakaryoeytes from normal sera. 

These findings suggest that so-ealled idiopathic thrombocytopenic purpura 
may be a heterogeneous group, etiologieally. In some there appears to be 
and megakaryocytes 








) 


definite affinity between a humoral substance (antibody?) 
this may have etiologic significance in these. It eannot be stated whether thes 






findings have prognostic or therapeutic implications. 













95. ANTINUCLEAR FACTORS IN TILE SERUM OF PATIENTS WITH 
l 


‘| 
SYSTEMIC LUPUS ERYTILEMATOSUS AND TILELR RELATIVES 





Vicror E. PouuaKk, M.B., M.R.C.P.E., ENNo Manprema, M.D. (By INviration 
AND Ropertr M. Kark, M.D., Cuicaao, IL. 







Systemic lupus erythematosus runs a variable clinical course with remissions 
and exacerbations, which are often diagnosed with difficulty. Thus, a test whic! 
would refleet underlying disease activity is desirable. The titers of antinuclea! 
factors in sera of patients with systemic lupus erythematosus were estimated 
quantitatively and were related to clinical phenomena in the patients. The 
sensitivity of this technique led us to study antinuclear factors in relatives o! 
patients with systemic lupus erythematosus. 

Smears of fresh, unfixed human buccal mucosal cells provided the souree 0! 
eell nuelei. They were incubated for 90 minutes with the test serum or wil 
serial dilutions thereof (1:4,096). After thorough washing, the smears wer 
incubated with fluorescein isothiocyanate conjugated antihuman gamma globulin, 
and were examined microscopically for specifie nuclear fluorescence using an 
ultraviolet light source. The highest serum dilution with which specifie nuclear 
fluorescence was demonstrated was ealled the antinuclear factor titer. Ap 
propriate specificity tests (J. Exper. Med. 91: 1, 1950) were done to ensure t! 
the observed fluorescence was immunologically specific. Reproducibility 
titrations was established by duplicate titrations of 10 sera. 

Forty healthy subjects and fifty patients were used as controls. No speciiic 
nuclear fluorescence was found with seventy three. Specific nuclear fluorescete 
was seen with serum diluted 1:1 or 1:2 in sixteen, with serum diluted 1: 4 in on 

















Fifty-six patients with systemic lupus erythematosus were ineluded in | \i¢ 
study. Specific nuclear fluorescence was observed with serum diluted 1:4 or 
more (hereafter, a positive test) in 131 of 151 sera. Antinuclear factor titcrs 
correlated well (p < 0.001) with clinical activity of systemic lupus erythemato-\s 
graded from zero (asymptomatic) to 3 plus (critieally ill). Of 91 tests done on 
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patients with activity 1 plus to 3 plus, 90 were positive. In serial studies anti- 
nuclear factor titers decreased with adequate prednisone treatment; rises of anti- 
nuclear factor titers accompanied clinical exacerbations of systemie lupus 
erythematosus. Total serum gamma globulin levels increased with inereasing 
antinuclear factor titers, except in eritieally ill patients, who had high anti- 
nuclear factor titers but normal or slightly elevated total gamma globulin levels. 
Fifty relatives of patients with systemie lupus erythematosus were included 
in the study. Positive tests were found in twenty-four. Antinuclear factor titers 
were low (1:4 to 1:16) in seventeen, high (1:32 to 1:4,096) in seven. These 
observations suggest that antinuclear factors are inherited, and that as vet 
unknown stimuli are necessary to produce disease in those who inherit anti- 
nuclear factors. 


96. PATILOGENESIS OF EXPERIMENTAL HISTOPLASMOSIS 
EMPLOYING THE FLUORESCENT ANTIBODY TECINIQUE 


JOHN J. PRocKNow, M.D., ano A. PHitip CONNELLY, JR., M.D. 
(By INvitation), CHicaco, IL. 


The fluorescent antibody technique of Coons was employed in the study of 
the pathogenesis of experimental histoplasmosis in the mouse. The direct method 
for fluorescent staining of Histoplasma capsulatum very effectively served to 
identify the organism in tissue sections. The advantages of this technique over 
cultural and other special staining methods for identifying or demonstrating 
propagation and dissemination of histoplasma veast were notable. 

A saline suspension of approximately 28,000 mature tubereulate chlamydo- 
spores was inoculated intranasally into ether anesthetized white female Swiss 
mice. Groups of mice were killed at 


frequent intervals after infeetion for 
pathologie study. 


A pierie acid—formalin-aleohol mixture was utilized to fix 
the lungs, lymph nodes, liver, spleen, and adrenals. 
Fluorescent staining of pulmonary sections was characterized by the faint 
lue-green autofluorescence of the parenchyma and subsequent cellular exudate. 
The thick chitenous tubereulate spore walls autofluoresced a brilliant orange- 
‘llow color, contrasting with the green-yellow true fluorescence of its interior, 
‘ten ringed as a membrane beneath the wall. Few seattered hyphal elements 
aring conidia and minute smooth spores fluoresced green-yellow. 
By 24 to 48 hours the interior of some spores showed fluorescent trabeeula 
m or diserete clumping. After 48 hours the autofluorescent spore wall began 
lose its tubercles and degenerate. Condensation and aggregation of fluores- 
nt material within the spore progressed. Yeast organisms fluorescing as green- 
low rings were present in macrophages, scattered in the exudate about the 
re. 


By 5 to 7 days, disintegration and disappearance of the spores had oe- 
curred. 


The fluorescent yeast cells had multipled significantly and macrophages 
hin typical granulomas were completely parasitized by them. 


Extrapulmo- 
dissemination was clearly apparent by & days. 


uorescent Histoplasma 
st organisms were present in lymph nodes, liver, and spleen. Pulmonary 
nulomas showed increased dispersion of the yeast from the epithelioid center 
he periphery of the lesion. After 2 months only oceasional fluorescent yeast 


inisms were seen in the lung. At 5 months some mice showed pulmonary 


nulomas and reticuloendothelial organs devoid of veast cells, whereas other 
ials were heavily parasitized. 
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97. CHRONIC ACQUIRED THROMBOCYTOPENTA 









ARMAND J. Quick, M.D., MILWAUKEE, WIs. 





Cases of thrombocytopenia of long duration were studied with an attempt 
to gain additional information on the hemostatie defect. One subject has had 
marked thrombocytopenia for 35 years. The disease began with an acute 
abdominal attack of pain and tarry stools. Somewhat later, gastric hemorrhage 
oceurred. After clinical recovery, the thrombocytopenia persisted and she con 
tinued to bruise easily. She had two normal deliveries with no excessive post 
partum bleeding. She began to have severe menorrhagia at the age of 43 years 
Little or no benefit from cortisone was noted. She did not consent to splenectom) 
After the menopause the bleeding tendency has again become milder. Ile: 
platelet count during the past 10 vears has varied from 12,000 to 126,000 but 
usually is about 30,000. The prothrombin consumption is almost always below 
normal and is closely related to her platelet count. The bleeding time is gen 
erally normal or very slightly prolonged but the tourniquet test is strong) 
positive consistently. In another patient aged 60 vears, who developed sever 
thrombocytopenia presumably from an antihypertensive drug, the platelet count 
remained low for several months. The tourniquet test continued to be strong!) 
positive after the platelet count beeame normal, whereas the bleeding time r 
turned to normal before the platelet count began to rise. In a man aged 30) 
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years, the platelet count during a period of 6 years has varied from 57,000 to 
84,000 and the prothrombin consumption is usually slightly below norma 
Despite the thrombocytopenia, he does not bruise easily and is clinically norma! 
The positive tourniquet test and the prolonged bleeding time, which ar 
evidence of vascular dysfunction, are not directly dependent on the platelet 
count, but are associated with platelet function. Neverthless, both tests may |» 
abnormal when the platelets are normal in number and probably in funetion, as 
in von Willebrand’s disease. This suggests that in the maintenance of norma! 
vascular function both the platelets and a plasma constituent are needed. Ii 
chronie aequired thrombocytopenia, the strongly positive tourniquet test is 
probably due to an inadequate amount of the maintenance factor. 














98. ERYTHROPOIETIC EFFECT OF TISSUE HOMOGENATES 









W. A. RamsBacnu, M.D., J. A. D. Cooper, M.D., AND 
H. L. Att, M.D., Cuicaco, Iu. 











The isolation and partial purification of a plasma factor capable of stimu 
lating erythropoiesis has been accomplished by ourselves and others. In further 
studies designed to recover a similar factor from erythropoietieally active tissues 
(bone marrow and spleen) of the rat, we have been able to demonstrate erytliro 









poietic activity associated with homogenates of spleen, liver, kidney, muscle, a! d 
brain obtained from normal and phenylhydrazine anemic animals. 
Homogenates of the organs tested were prepared at 5° ©. in Tyrodes 






solution, and the equivalent of 1.0 gram of wet weight of tissue was injected 
intraperitoneally daily for 4 days into a sensitive test animal, the dehydr 
rat. The erythropoietic effect was then measured by determining the retic\:lo- 
cyte response and the 24 hour Fe** incorporation into the total red cell mass 
Control animals, injected with Tvrode’s solution, averaged a Fe®® ineorp.ra- 
tion of 5.47 per cent (range 3.03 to 9.37 per cent) and a reticulocyte coun’ of 
0.4 per cent (range, 0.0 to 1.1 per cent). Animals injected with a total dos: ot 
4.0 ml. of erythropoietically active plasma from phenylhydrazine anemic «ats 
averaged a Fe®® uptake of 39.64 per cent (range, 32.44 to 49.33 per cent) ind 
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a reticulocyte count of 7.4 per cent (range, 7.0 to 94 per cent). The experi 
mental animals responded as follows: (1) homogenates from phenylhydrazine 
treated animals: after injection with spleen, liver, or kidney the Fe*® ineorpora- 
tion was 18.66, 11.24, and 21.81 per cent, and the reticulocyte counts were 2.1, 
1.1, and 4.7 per cent, respectively; (2) homogenates from normal animals: after 
injection with spleen, liver, kidney, muscle, or brain the Fe°® incorporation was 
20.27, 25.98, 21.11, 18.99, and 21.12 per cent, and the reticulocyte counts were 
1.4, 4.4, 3.1, 3.8, and 3.8 per cent, respectively. 
be related to a hemolytie effect. 

After centrifugation at 40,000 r.p.m. (105,000 @) and washing of the 
sediment, erythropoietic activity is recoverable from the sediments and super- 
natants of spleen prepared from both phenylhydrazine treated and normal 
animals. Like plasma erythropoietin the activity is nondialyzable; however, un- 
like aetive whole plasma, activity is destroved when whole spleen homogenates 
are boiled for 10 minutes. 

Work is currently under way to isolate and identify the 
stimulating component in tissues. 


These results do not appear to 


erythropoietic 


99. CORRELATION OF SEXUALITY WITIL SUSCEPTIBILITY AND 
EXPOSURE TO ENVIRONMENTAL SUBSTANCES 





THERON G. RANDOLPH, M.D., Curcaco, Int. 


Variations of sexual desire and performance in persons reacting to common 
foods, hydrocarbons, and certain other nonpersonal environmental exposures 
correlate with the following levels of reactions in which proprioception tends 
to be normal at (1), accentuated at (2), aberrant at (3), and diminished to 
absent at (4); and exteroception ordinarily is normal at (A), accentuated at 
B), aberrant (hallucinatory) at (C), and diminished to absent at (D). 
Acute “Pick-ups” are as follows: (1) active, alert, relatively stimulated, 
2) hyperactive, energetic, keyed-up, irritable, (3) jittery, argumentative, 
aggressive, drunklike, and (4) agitated, uncontrollably exeited. Chronic 
“Ilangovers” are as follows: (A) absent-minded, tired, puffy, sniffly, itchy, 
queasy, (B) brain-fagged, wheezy, rashy, crampy, achy, (©) confused, dopey, 
orose, lethargic, and (D) depressed, stuporous, disoriented. 
When repeatedly exposed and reacting to foods, chemicals, and certain other 
ironmental excitants to which susceptibility exists, both sexes tend to mani- 
t normal to slightly heightened sexual desires at (1) and hypersexuality at 
Although excessive desires may continue at lower pick-up levels, per- 
manee is generally incoordinated at (3) and impossible at (4) 
With advancing chronic illness, pick-ups decrease in degree and duration 
hangovers predominate. Although normal sexuality may continue at (A) 
even (B), debility frequently reduces desire and other manifestations may 


'fere with performance. Female frigidity and male impotence tend to 
clivaeterize (C) and especially (D), but frigidity may occur at any chronie 
hagover level. 

A massive or rapidly absorbed exposure may revert a chronie hangover 
Picse temporarily to an acute response, inseribing such a counterclockwise 
cov vse as (B-2-3-C-B). For example, certain cereal sensitive chronically ill 


Pacients (B) report satisfactory intercourse only immediately after drinking 
| derived aleoholie beverages and while reacting temporarily at (2 


) 


When freed of impinging environmental exposures to which susceptibility 
has heen demonstrated, victims ascend chronic hangover levels and generally 
ie ifest normal sexuality (desire and performance). An isolated re-exposure 
th 


precipitates an acute reaction which descends rapidly to any piek-up 
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before it merges with and is superseded by the corresponding hangover level, 
from which reeovery occurs more slowly and during which sexual behavior 
varies as previously deseribed. 


100. ON THE ROLE OF TILE KIDNEYS IN ERYTITROPOLESIS 


Kurt R. ReissMann, M.D., AND TAaKEo Nomura, M.D. (By INviration 
KANSAS Ciry, KAN. 


Rats were made anurie by bilateral nephrectomy, mereury bichloride, 0 
ligation of both ureters in order to ascertain whether the uremic depressior 
of erythropoiesis occurs irrespective of the presence of viable renal tissue. A] 
animals were maintained in electrolyte balanee by peritoneal lavage, and th 
blood urea nitrogen concentrations stabilized at 120 to 180 me. per cent. Thi 
erythropoiesis was challenged by bleeding (1.5 ml. per 100 grams body weight 
and the response assessed by measurements of the Fe°® incorporation and thy 
total cireulating reticulocytes. Nephrectomized and mereury poisoned rats 
(extensive tubular necrosis) showed no erythropoietic response to bleeding, 
while ureter ligated rats (only slight renal atrophy after 10 days) responded 
nearly like nonuremie controls. Since the blood urea nitrogen was equally hig 
in these groups, the urea retention could be ruled out as the cause of the lack ot 
response in the nephrectomized and mereury animals, and our findings support 
the concept that functioning renal (tubular) tissue is necessary for a norm: 
erythropoietic response. 

If the lack of response in renoprival animals were due to their inability to 
form erythropoietin, this defect should be corrected by the administration 01 
erythropoietin. The injection of plasma extract that contained erythropoieti 
(obtained from phenylhydrazine anemic rabbits) into 22 nephreetomized or 
mereury rats indeed accelerated their erythropoiesis, but the response was 
significantly smaller than that in 20 erythropoietin injected ureter ligated o1 
nonuremie rats. To account for these findings, two mechanisms are considered 
(1) renal formation of erythropoietin with a rapid normal erythropoietin tum 
over, ie., the injected amounts of erythropoietin were insufficient to overconu 
the deficit in the renoprival animals; and (2) the aeeumulation of an inhibitior 
in the renoprival animals, which is distinct from urea and is inactivated in 
normal or ureter ligated kidneys. 


101. ANTIBODY DEFICIENCY WITIL WYPERGAMMAGLOBULINEMIA 
IN FELTY’S SYNDROME 


STEPHAN E. RirzMAnn, M.D. (By INvitation), AND WituiAmM C. Levin, M.D., 
GALVESTON, TEXAS 


Resistance to infections includes cellular (granulocytes) and humoral (ait! 
bodies) components. Agammaglobulinemias (acquired, Loffler, 1951; congen al, 
Bruton, 1952) are associated with increased susceptibility to infect! 
Giedion and associates (1957) employing immunoelectrophoresis in sin 
clinical states, demonstrated normal amounts of gammaglobulins but deer 
or absent beta-2-immunoglobulins (beta-2-A-, beta-2-M-elobulins). This 
ability to form antibodies was termed “antibody deficiency syndrome” (A 
(Barandun and co-workers, 1958). Subdivisions of this svndrome are e¢lass 
according to the quantity of gamma globulin: (1) agammaglobulinemie 
body deficiency syndrome, (2) hypogammaglobulinemie antibody deficicnc 
syndrome, (3) normogammaglobulinemie antibody deficiency syndrome, nd 
(4) paraproteinemie hypergammaglobulinemie antibody deficieney syndrome 
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Two eases of Felty’s syndrome with frequent infections were studied. A 
50-year-old man with a history of five attacks of pneumonia, repeated upper 
respiratory infeetions, and sinusitis was admitted with a lung abscess and 
empyema necessitating open drainage, followed by recurrent infections. Total 
serum proteins, 8.1 Gm. per cent; electroserogram, 49.6 per cent gammaglobulin 
heterogeneous type); immunoelectrophoresis (Dr. Ilitzig, Ziirich), 1.6 Gm. 
per eent gammaglobulin, decreased beta-2-A- and absent beta-2-M-globulins; 
latex fixation test for R.A. factor, 1:160. Treatment included antibioties and 
vammaglobulin. After splenectomy, the patient improved rapidly and infection 
subsided completely without further treatment. 

Re-examination 14 months after splenectomy revealed impressive weight 
gain and persistent signs of rheumatoid arthritis. Total serum proteins, 8.8 
(im. per cent; electroserogram, 26.6 per cent gammaglobulin; immunoelectro- 
phoresis, normal amounts of gammaglobulin, beta-2-A- and beta-2-M-globulins; 
latex fixation test, 1:160. 

This ease is significant since it reveals two hitherto undeseribed phenomena : 

1) nonparaproteinemie hypergammaglobulinemie antibody deficiency syn- 
drome, with (2) reversal of antibody deficieney syndrome after splenectomy. 

In a second ease of Felty’s syndrome (67-year-old woman) a nonpara- 
proteinemie hypergammaglobulinemie antibody deficiency syndrome with fre- 
quent infections occurred. Total serum proteins were 7.8 Gm. per cent and 
vammaglobulin 40.2 per cent (heterogeneous type Ilowever, insufficient time 
has elapsed to permit re-evaluation of the immunoglobulins. 

These observations may require revision of the concept of Felty’s syndrome 
and possibly of other closely related disorders. 








102. MYOCARDIAL OXYGEN UPTAKE AND EFFICIENCY: 
OF HEART RATE, SIZE, AND TENSION 
S. Ropsarp, M.D., Pu.D., C. Wituiams, B.S. (By Invitation), 
E. BERGLUND, M.D. (By InNviration), BuFrra.o, N.Y., 
AND GOTEBORG, SWEDEN 


’ , ‘ ’ mmc 
EFFECTS 








AND 


We have recently demonstrated that ecardiae O, uptake is proportional to 
stolie wall tension, calculated as the produet of the mean arterial pressure 
and the radius of the stroke volume (r) (Am. Heart J. 57: 348, 1959). 
e present analysis demonstrates that uptake per minute varies as the produet 
o! cardiae frequeney (f) and tension per beat. However, O. uptake per unit 
ension increases with heart weight (@), so that 
O, fePr + be 
re b is the basal oxygen uptake of the resting heart. Coronary blood flow 
es directly with oxygen uptake. 


. , sic pressure x output . 
Net ecardiae efficiency (: ) was found to 


inerease as 
O. — b 


—. This indicates that for a given stroke output and arterial pressure, small 


heorts are more efficient than large hearts. The number of contractile elements 
In circumferential ring apparently increases with cardiae growth, thereby 
te! 


ng to a decreased efficiency for a given radius. Efficiency is maintained, 
however, since stroke output increases normally with the size of the heart. 
Efi ieney is also improved by the anatomie arrangement in which the two 


que irispherieal ventricles are joined to form an anatomie hemisphere. These 
an 


ses permit a single regression line for the relations between tension and 
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oxygen uptake, and a single formula for myocardial efficiency, regardless of the 
size of the heart. 


103. TONIN-ANTITOXIN PILENOMENA IN BURNED AND 
INJURED HUMAN SUBJECTS 


Sot Roy Rosenruan, M.D., Pu.D., James B. LArtrNgEy, M.D. (By INviration 
AND WintMA A. SPURRIER, B.S., M.T., A.S.C.P. (By INvitration 


CHICAGO, TLL. 


The existence of a “toxin-antitoxin” phenomenon in the blood of burned o 
injured animals and humans first presented in 1937 (Ann. Surg. 106: 111 and 
257) has been supported during the ensuing years and by reeent studies it 
humans. 

After a school fire, children, aged & to 14 vears, who had seeond and third 
degree burns over 19 to 63 per cent body area and/or multiple fractures and 
contusions, were studied clinically and serologically. 

The administration of blood or plasma from healed burned donors to 
critically toxie subjects was associated with a rather precipitous change in thei 
clinical condition whieh was manifested by increasing awareness, appetite, 
spontaneous mobility, and decrease in local edema, pain, irritability, and rest 
lessness. 

Sera zero to 16 days after the injury inhibited HeLa cell growth in tissu 
eulture in fourteen of fifteen subjeets. After transfusion with healed burned 
donor blood or plasma, loss of tissue culture toxicity of posttransfusion sera 
corresponded with clinical improvement. Ineubation of acute phase sera wit! 
healed donor sera resulted in a loss of toxicity to Hela cells in vitro to an extent 
not present in normal sera. Sera from control subjects, normal (110), and 
febrile (15), did not inhibit HeLa cell growth. 

By serologic methods in fifty-four subjects of all ages, ineluding thu 
children previously mentioned, “eyvtolysinogens” and “preecipitinogens” (to 
healed burn sera) appeared in the aeute phase sera (atter 24 to 48 hours) and 
with healing were followed by the appearance of “evtolysins” and “preeipitins” 

to acute phase red blood cells and sera). 


104. EXTRACTION OF INDIVIDUAL FATTY ACIDS BY THE HEART 
M. Roruun, M.D. (By INviratrion), AND R. J. Brine, M.D., Detrorr, Micu 


In the fasting state the heart muscle derives the greater part of its enery) 
production from fatty acid metabolism. Preferential myocardial extraction ot 
esterified fatty acids has recently been demonstrated. This discussion is con 
cerned with an analysis of the myoeardial extraction of individual free fatty) 
acids by the heart of patients and dogs. Arterial and coronary sinus bloods 
were taken for titrimetric determination of free fatty acids and for gas ehrom:io- 
graphie analysis of palmitic, stearic, oleic, and linoleic acid. Oleie acid, an 
saturated fatty acid, is extracted by the heart at a higher rate than any ot/er 
free fatty acid. Little difference was found between the myocardial extraction 
of stearic, palmitic, or linoleic acid. In man, oleic acid represents 43 per « 
of the total free fatty acid concentration in blood and 60 per cent of the 1 
myocardial coronary A-V difference of free fatty acids. In the dog, 1 
figures are 38 and 51 per cent, respectively. A comparison of the free fatty 
composition of saphenous vein blood, which drains primarily adipose tissu 
that of arterial blood, reveals that adipose tissue releases oleie acid at a 
higher than that of palmitic, stearic, or linoleic acid. This suggests that 
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acid is the principal component of plasma free fatty acids and has a high turn- 
over rate. These observations illustrate the preferential extraction and utiliza- 
tion of oleie acid by the heart. Sinee myocardial lipoprotein lipase content is 
high, hydrolysis of esterified fatty acids may occur; esterification of free fatty 
acids is equally possible in heart musele. Thus the extraction of fatty acids by 
the heart may represent utilization as well as interconversion of esterified and 
free fatty acids. 











105. SYSTEMIC AND CORONARY HEMODYNAMIC EFFECTS OF 
ERYTHROL TETRANITRATE 










(EORGE G. Rowr, M.D., Carn J. Cuenius, M.D. (By Ixviratrion), SkopA AFONSO, 
M.D. (By Inviration), H. PETER GurtNER, M.D. (By INviITATION 
AND CHARLES W. CRuMpTON, M.D., MaApison, Wis. 


Cardiae output and coronary blood flow (N.O) were determined before and 
after sublingual administration of erythrol tetranitrate (Cardilate) in a series 
of eleven normal subjects and four subjects with angina pectoris. Cardiae out- 
put data were incomplete in one subject with angina and coronary flow data 
not obtained in one normal subject. One normal subject and two subjects with 
angina pectoris had a transient marked hypotensive response with a slow heart 
rate after the drug; the others tolerated the procedure well. Statistical analysis 
of the data was done from the 9 complete studies in the normal subjects, who 
had no marked hypotensive reaction. 


The study revealed an inerease in heart rate (+15.9 per cent, p < 0.02) 
accompanied by a deerease in mean systemie arterial (—13.3 per cent, p < 0.01), 
pulmonary arterial (—31.3 per cent, p < 0.001), and coronary sinus (—52.2 per 
cent, p < 0.01) blood pressures. Mixed venous oxygen content deereased 

8.5 per cent, p < 0.01) with widening of the arteriovenous oxygen difference 
23.7 per cent, p < 0.01) but coronary sinus oxygen content was unchanged 


us was the arterial-coronary sinus oxygen difference. The cardiae index (—16.2 
per cent, p < 0.1) and stroke index decreased (—26.1 per cent, p < 0.01). Left 


entricular work (—27.9 per cent, p < 0.02) and stroke work (—35.1 per cent, 
0.01) were reduced as was right ventricular work (—50.0 per cent, p < 
0.001). Coronary blood flow did not change significantly (+2.1 per cent, 
0.8) although coronary vascular resistance (—15.2 per cent, p < 0.01) and 


rdiae efficiency decreased (—25.5 per eent, p < 0.02). 

The pattern in subjects with angina pectoris did not appear significantly 
different from that of the normal subjects. Those subjects who had marked 
hv potension showed a considerable reduction in coronary flow but the average 
‘onary vascular resistance did not decrease. In the whole group eardiae out- 

averaged 20.3 per cent less (p < 0.01) after erythrol tetranitrate. It 
ears, therefore, that erythrol tetranitrate acts chiefly by reducing heart work 
ugh deereasing arterial pressure and cardiae output. Under the cireum- 
ces of reduced eardiae work load an unchanged coronary blood flow may be 
juate. 


6. ASEPTIC MENINGITIS OR NONPARALYTIC POLIOMY ELITIS? 







SAMUEL Sasuaw, M.D., Pu.D.. ANpD GeorGce R. ANpERSON, D. VM. 
(By INviITATION), CoLUMBUS, OHIO 


Whenever the tentative diagnosis of nonparalytic poliomyelitis is made, a 
n reaction of community anxiety is frequently encountered similar to that 
rved when the patient has paralytie disease. It has been our practice for 
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the past 4 years to report paralytic but not nonparalytie poliomyelitis unless 
there is laboratory confirmation of the latter. The delayed report after labora 
tory confirmation of nonparalytie poliomyelitis is usually made after the patient 
has gone home with subsequent lesser anxiety. During the past 2 vears only 
five proved nonparalytie poliomyelitis patients were observed, whereas fourtee? 
had aseptic meningitis caused by enteroviruses as proved by spinal fluid cul 
tures; eleven had infection with Echo virus, type 4, one with Echo, tvpe 16, and 
2 with Coxsackie B, type 2. All fourteen patients showed a elinieal pietur 
similar to that observed in nonparalytie poliomyelitis. The elinieal and labora 
tory findings were also similar to those observed in eleven cases seen during 
the previous 2 vears in which five Eeho virus, type 9, and two Coxsackie A, 
type 9, infections were observed in 1957, whereas in 1958 no Echo virus infee 
tions were encountered but one Coxsackie A, type 9, two Coxsackie B, type 4 
and one Coxsackie B, type 5, infeetions were observed. These studies support 
the importance of confining the comparative incidence of poliomyelitis over thi 
years to paralytie poliomyelitis. 


107. A DECREASE IN THE SERUM INORGANIC PITOSPILORUS IN 
DIABETIC PATIENTS AFTER LONG-TERM ADMINISTRATION 
OF CIILORPROPAMIDE 


QO. PerTeR ScHUMACHER, M.D., Pu.D., CLEVELAND, OnI10 


INTRODUCED BY E. Perry McCunuacnu, M.D. 


There has been conflicting evidence as to the effect of the sulfonylurea 
hypoglycemic agents on the serum inorganic phosphorus. Danowski and 
Matteer (1959) reported the changes in the inorganic phosphorus with the ad- 


ministration of as much as 3 Gm. of chlorpropamide in a single dose to be less 
than 0.4 mg. per 100 ml. Goetz and co-workers (1956) demonstrated that in 
several nondiabetic patients orally administered tolbutamide may produce 
decrease of as much as 1.4 mg. per milliliter in the serum inorganie phosphorus 
over a 3 to 4 hour period. This was equivalent to the change they demonstrated 
with the intravenous administration of regular insulin (1.3 mg. per 100 ml. 

Six diabetic patients with initial fasting blood sugar values of more than 
200 mg. per 100 ml. received chlorpropamide orally in doses of 500 mg. or mor 
daily. The concentration of serum inorganie phosphorus decreased an averac 
of 0.9 mg. per 100 ml. coincident with a decrease in the fasting blood sugar 
values to 100 to 130 mg. per 100 ml. This decrease also oceurred in a patient 
with cirrhosis (0.7 mg. per 100 ml.). Vasteny and associates (1959) have demon 
strated that there is a relationship between the uptake of glucose periphera 
and the decrease in the inorganie serum phosphorus. Our data, therefore, sug 
gest that chlorpropamide, at least in some diabetic patients, has increased the 
peripheral utilization of glucose. 


108. CALCIUM, PHOSPHATE, AND CITRATE EXCRETION PATTERNS 
OF NORMAL AND HYPOPARATILTYROID SUBJECTS 
AFTER CALCIUM ADMINISTRATION 


THEODORE B. Scuwartz, M.D., AND MANFRED WEINSTEIN, M.D. (By Invirari 
CuicaGco, Iu. 


Alterations in the renal handling of ealeium and phosphate after the in 
{ravenous infusion of calcium were examined in ten apparently healthy sub, 
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and in seven patients with hypoparathyroidism (two after thyroparathyroid- 
ectomy, four idiopathic, and one pseudohypoparathyroid). Similar studies of 
citrate excretion were earried out in six normal subjects and four of the hypo- 
parathyroid group. Blood and urine samples were collected during 4+ consecu- 
tive 2 hour periods. At the beginning of the second period an intravenous 
infusion of 700 me. of ealeium (as eluconate or chloride) was eiven In 25 to 30 
minutes. In control studies, the calcium infusion was omitted. 










After the calcium infusion there was a gradual rise in serum phosphate 
evels in both normal and hypoparathyroid subjects. During fasting alone, 
serum phosphate initially fell significantly and then slowly rose. Caleium in- 
fusion provoked a fall in urinary phosphate exeretion in ten of the eleven 
normal subjects, whereas in six of the seven hypoparathyroid individuals urinary 
phosphate increased, often quite strikingly. These changes were highly 
significant statistically (p < 0.001) whether compared in terms of phosphate 
clearance or per cent tubular reabsorption of phosphate. When the ealeium 
infusion was omitted phosphate excretion remained essentially unchanged in 
hoth groups. 










In the initial 2 hour period, urinary calcium exeretion was similar in nor- 
mal and hypoparathyroid groups. After ealcium infusion, the normal subjects 
exereted calcium at a rate three times greater than that of the hypoparathyroid 
patients (0.53 + 0.08 me. per minute versus 0.17 + 0.17 mg. per minute). When 
normoealeemia was induced in the hypoparathyvroid subjeets, caletum exeretion 
was considerably greater than that of normal uninfused individuals, an observa- 
tion initially made by Goldman and Bassett (J. Clin. Endocrinol. 14: 278, 1954). 
lfowever, this represents only part of a significant correlation (+0.62; p < 0.02) 
between the initial serum caleium level and the increment in calcium exeretion 
n both groups combined so that this phenomenon may be independent of para- 
thyroid funetion. 




















In two of four hypoparathyroid subjects, serum citrate levels were abnor- 
tnally low. Initial urinary citrate was low in three of the four patients. Cal- 
cium infusion resulted in increased citrate exeretion in both groups and there 

as a significant correlation (40.52; p < 0.01) between caletum and citrate ex- 
eretion, 





09. EXITAUSTION OF INSULOGENIC RESERVE IN ADULT ONSET 
DIABETIC PATIENTS DURING PROLONGED AND CONTINUOUS 
HYPERGLYCEMIC STRESS 


OLBROOKE S. SeLTzeR, M.D., aNnp Water L. Situ, M.S. (By Inviration), 
DALLAS, TEXAS 






Normal beta cells respond to hyperglycemic stimulus with proportionally 
ianced insulin secretion (Diabetes 9: 89, 1960). In adult onset diabetics, 
sulogenie reserve is inversely proportional to clinical severity of disease, and 
juvenile diabetics it approaches zero (Diabetes 8: 417, 1959). Even severe 
erly diabeties have enough circulating insulin activity to maintain ketosis 
stanee under basal conditions. In the present study, however, remaining in- 
in secreting capacity in adult diabetics was overwhelmed and sometimes 
terated after several days of unremitting hyperglycemie stress. 











For 3 to 10 days, solutions containing 15 per cent glucose were given con- 
iously by vein to five normal subjects, five mild (tolbutamide-responsive ) 
lt diabeties, and five severe (tolbutamide-nonresponsive) adult diabeties. 
od glucose (Somogyi) and plasma insulin aetivity (Vallanee-Owen) were 
ermined daily. 
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Blood Glucose (milligrams per cent): Normal subjects, base line 77 + 3 
mean + S.E.M.) rose slightly to 115 + 8 maximum. Tolbutamide-responders, 
base line 179 + 20; maximum 433 + 86. Tolbutamide-nonresponders, base line 
217 + 17, maximum 409 + 16. 

Plasma Insulin Activity (microunits insulin activity per milliliter plasma 
Normal subjects, base line 19 + 7 attained maximum 675 (p < 0.005) by fifth 
day; high levels persisted and averaged 407 (p < 0.005) on last day. Tol 
butamide-responders, base line 47 + 13; reached maximum 785 (p < 0.001 
fourth day; declined to 176 (p < 0.4) final day. Tolbutamide-nonresponders, 
base line 20 + 5; attained maximum 243 (p <<? 0.001) second day, then fell 
sharply to subbase line on final day. 

Insulogenic Index (insulin aetivity per milligram per cent blood glucose 
All groups had comparably low base lines (0.24 + 0.04). During infusion, in 
sulogenie index zoomed in normals to maximum 7.39 (p < 0.001), sustained at 
5.05 (p < 0.005) last day. Tolbutamide-responders, much lower maximum 
index (2.21, p < 0.001); final value down to base line (0.50, p < 0.7 
Tolbutamide-nonresponders, even lower peak index (1.09, p < 0.02); subbase 
line final value (0.02, p < 0.1 

The data indicate that (1) unremitting hyperglycemia exhausts insulogenic 
reserve in adult diabeties; (2) beta evtotropie collapse occurs fastest in patients 
with severest carbohydrate intolerance; (3) the fundamental lesion in adult 
onset diabetes is primary beta cell deficiency. 


110. A CLINICAL COMPARISON OF TWO METHODS FOR 
DETERMINING PLASMA FREE CORTICOSTEROIDS: 
FLUOROMETRY VERSUS COLORIMETRY 


RicHMOND W. Situ, Jr., M.D., RayMonp C. MELLINGER, M.D. (By 
INVITATION), LILLIAN ARAKELIAN (By INVITATION), AND 
JALILEH MANsour (By Invitation ), Detroit, Micu. 


Although a simple and practical fluorometric method for estimating fre: 
corticosterone and hydrocortisone in plasma has been available (Silber and co 
workers, 1958), only limited clinical experience with this technique has been 
recorded (DeMoor, 1960). The present report concerns a study of the compar: 
tive merits of fluorometry (FL) with the widely used, more elaborate phen) 
hydrazine sulfuric acid procedure (PS) of Silber and Busch (1956). Sever: 
hundred parallel determinations have been made in tests of adrenocortic: 
funetion in fifty-five patients with a variety of elinieal disorders. For thirt 
subjects with clinically normal adrenal function, average basal levels expressed 
as microgram equivalents of hydrocortisone were 23.3 + 9.2 for fluoromet! 
(range, 8.6 to 43.6) and 14.9 + 5.8 for phenylhydrazine sulfuric acid procedur 
(range, 6.2 to 30.1). Part of the difference between methods is attributed to t! 
measurement of corticosterone which gives 3 times the fluorescence of hydro 
cortisone. Twenty-three of these subjects received a standard dose of ACTHAK 
Gel, and average fluorometry levels increased from 24.5 + 8.8 to 53.8 + 15-4, 
whereas phenylhydrazine sulfuric acid procedure levels increased from 15.35 
5.8 to 28.8 + 8.5. In eight of ten patients satisfactory correlation of diun 
changes in plasma corticosteroid levels was found between the two methods. ()! 
Six patients with adrenal hypofunction, fluorometry concentrations were | 
in two and phenylhydrazine sulfurie acid procedure levels were low in five; 
parallel changes in plasma steroids in response to ACTH were observed by b: 
methods. Assessment of adrenocortical function by the two methods was co 
parable in three patients with Cushing’s syndrome and in seven of eight patie? 's 
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receiving SU-4885. The spirolactone SC-9420  fluoresces and obscures the 
Huorometry measurement of plasma steroids, but it does not interfere with the 
phenylhydrazine sulfuric acid procedure determination. Although less specific, 
the fluorometrs method provides a rapid and reliable means of evaluating 
adrenocortical rOSPONSIVCNECSS, 
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FUNCTION IN MAGNESIUM DEFICIENT RATS 





W.O. Sarru, M.D., HE. Earn Ginx, M.D. (By INvirarion), DONALD BAXTER 
By INvITATION), ANTON LINDNER, M.D. (By INVITATION), AND 


Ilowarp GuILES (By INviITATION 






, OKLAHOMA CIry, OKLA, 


The acknowledged importance of magnesium in various enzyme systems and 
the established renal functional and structural impairment occasioned by potas- 
sium deficiency prompted this study of the effect of magnesium deprivation on 
the kidneys ot rats. 

Magnesium deficiency was induced in thirty female Holtzman rats by a 
diet almost free of magnesium and renal function and structure compared with 
an equal group of control animals receiving 40 mg. of magnesium per 100 Gm. 
of the diet. The rats were pair fed, given demineralized water, and kept in in- 
dividual metabolic cages. Potassium intake was adequate in both groups. 
Renal function studies were performed during a 2 week control period and at 
intervals for a 4 week period of deprivation and rats were killed for renal 
histologic examination at weekly intervals in equal groups. 

Pronounced defects developed in the deficient animals in the two prineipal 
parameters of renal funetion studied: ability to elaborate concentrated urine 


and urinary acidification. At one week of deprivation the deficient animals 
achieved a maximal urinary concentration with vasopressin and water depriva- 
tion of 2,559 + 122 mOsm. per liter compared to 2,859 + 284 mOsm. per liter 
in the control group (p < 0.05). Urine volume thereafter in the deficient 


eroup greatly exceeded that in the control group. By the end of the second 
veeck maximal concentration in the deficient group decreased to 2,046 + 268 
iOsm. per liter but remained at 2,885 + 243 mOsm. per liter in the control 
‘rroup (p < 0.001). The defect in urinary acidification was observed by the 
second week. For example, the control group responded to an ammonium 
iloride load by a sixteenfold increase in urinary titratable acidity whereas 
he deficient animals showed no significant change. An acetazolamide load 
sulted in a —161 + 51 Eq per day per 100 Gm. urinary excretion of titratable 
cidity in the control rats but only a —20 + 98 Eq per day per 100 Gm. in the 
ficient ones (p < 0.01). A marked persistent phosphoresis was observed in 
ie deficient rats. Histologic examination utilizing enzyme staining techniques 
evealed disruption of mitochondrial structure in proximal and distal tubules 
the kidneys of the magnesium depleted rats. 
Although tissue analysis revealed a significant decrease in magnesium in the 
pleted animals, tissue potassium was normal. 


2, CHANGES IN SERUM AND SPINAL FLUID CALCIUM EFFECTED 
BY DISODIUM ETILYLENEDIAMINETETRAACETATE 





ALFRED Sorrer, M.D., ANp Tarr ToriBara, Pu.D., Rocuestrer, N.Y. 





(INTRODUCED BY AMoz I. CHERNOFF, M.D. 


Serum hypocalcemia was induced in fifty-two subjects by the rapid intra- 
ious infusion of from 0.5 to 4 Gm. of disodium EDTA. Chelating agents 
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such as EDTA are presumed to act predominantly upon the ionie fraction of 
serum ealeium. Eleetrocardiographie repolarization changes and an episode 
of tetany terminated by the infusion of calcium gluconate appeared to sub- 
stantiate this theory. In order to verify these concepts experimentally, total 
ashed and ultrafiltrable serum calciums were determined before and after 
therapy in representative cases. A technique of wet ashing using coneentrated 
nitric acid was devised. There was no change in total ecaleium, but a marked 
fall in protein-bound calcium and a definite inerease in ultrafiltrable caleium 
reflected a major decrease (average of 1.5 me. per 100 mi.) in ionie ealeium. 

Total and diffusible (ultrafiltrable) spinal fluid calcium showed no ehangs 
despite the simultaneous and dramatic sera changes described. This provides 
evidence that (1) disodium EDTA does not cross the blood-spinal fluid barrier 
in significant quantities during the average therapy period and (2) diffusibl 
serum ealeium and diffusible spinal fluid calcium are not in equilibrium. 

The use of salts of EDTA in medicine has brought some confusion in the 
interpretation of serum calcium analyses as determined in the elinieal labora 
tory. Insight into calcium homeostasis may be obtained only if the exaet 
amount of total calcium bound to EDTA is obtained. Standard analytie proce 
dures for the determination of calcium are inadequate for such an evaluation. 
Ilowever, calcium ean be precipitated completely by oxalate in the presence ot 
EDTA if the pH is kept below but near 5.0. If the pll is elevated to 8.0 
during precipitation, any EDTA present will chelate completely an equimolai 
quantity of calcium. By precipitating caleium at a pll below 5.0 in on 
aliquot and above 8.0 in another aliquot of serum or plasma, the quantity o| 
ealcium complexed to EDTA in blood may be determined by difference. To ob 
tain the necessary plIl control an acetate buffer svstem was used at the lower 
pif and an ammonium system at the higher pI. 


115. SIMILAR OR IDENTICAL CONNECTIVE TISSUE ANTIGENS IN 
HUMAN PLACENTA AND ILUMAN KIDNEY 


RAYMOND WILLIAM STEBLAY, M.D., Cuicaco, Iu. 
(INTRODUCED BY M. Epwarp Davis, M.D. 


This study was done in order to establish the location of similar or identic: 
human placental antigens in human kidney. 

Seegal reported rat and dog placenta and kidney contain common nephro 
toxie antigen(s). Such direct bioassay approach is not possible with huma: 
material. Cruickshank and Ilill reported fluorescein-labeled  rabbit-antirat 
glomeruli serum stained connective tissue structures in various rat organs, 1 
cluding placenta. Accordingly we decided to investigate the location of con 
mon antigens in human placenta and kidney by means of fluorescent antibod 
techniques. 

Antisera to human glomerular basement membrane preparations (IHGBM 
and human placenta were produced by immunizing sheep. Gamma globul 
fractions were conjugated to fluorescein isothiocyanate. Conjugates were 
sorbed with mouse liver powder and human blood. 

Four micron sections were cut from frozen, unfixed pieces of human k 
ney and placenta on a cryostat. Staining of sections with fluorescein c 
jugates and inhibition controls were performed as deseribed by Coons. 

Permanent photographie records were made. Representative sections w: 
stained with hematoxylin and eosin or PAS. 

Fluorescein-labeled antibodies to human placenta or human glomeru 
basement membranes stained identically the following structures in the kidn 
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the basement membranes of glomeruli, tubules, Bowman’s capsule, and inter- 
tubular capillaries and certain extracellular structures in the media and 
adventitia of arteries. 

Staining in the placenta was identical with both antisera. Specifie staining 
was diffusely present throughout the entire connective tissue stroma of the 
villus with heavy concentration around blood vessel walls and immediately 
beneath the eyneitial cell laver. Cellular structures in kidney and placenta 
showed no specifie staining. 

Unstained sections or sections layered with conjugated normal sheep 
globulin showed only autofluorescence. Specifie fluorescence was eliminated 
in sections stained with fluorescent antisera previously absorbed with either 
placenta or human glomerular basement membrane. 

In conclusion, fluoreseein-labeled sheep antibodies to human plaeenta and 
human glomerular basement membrane localized specifically in identical his- 
tologie structures of the kidney and placenta. Absorption of either antisera 
with human placenta or human glomerular basement membrane prior to stain- 
ing removes specifie fluorescence. 

These results indicate similar or identical connective tissue antigen(s) are 
present in placenta and kidney. Such common antigen(s) are specifieally 
located in basement membranes of kidney and certain extracellular structures of 
arterial walls. 


114. THE ANTITUMOR PROPERTIES OF N, N’-BIS-(3-BROMOPRO- 
PIONYL) AND N, N’-BIS-(3-CHLOROPROPIONYL 
PIPERAZINE 


RosBert J. Stern, M.D. (By INviration), JouN CarsBon, Pu.D. (By 
INVITATION), JOHN LANGDON (By INvITATION), AND RICHARD K. 
Ricuarps, M.D., Norru Cuicaco, Int. 


The bromo- and chloropropiony! piperazines are neutral amides, not related 
to the usual nitrogen mustards, which possess antitumor activity. These com- 
pounds are unusual in that no similar type of chemical structure has been 
previously reported as having tumor growth inhibiting properties. 

Mice (BDF,) with transplanted adenocarcinoma (CA-755), lymphatie 
eukemia (LE-1210), and sareoma 180 (Swiss mice) were injected intraperi- 
toneally 24 hours after tumor implantation (as per CCNSC specification), with 
vromopropionyl piperazine, 15 meg. per kilogram daily for 11 days. There was 

marked regression of the CA-755 without any effeet on the LE-1210 or 
SA-180. Oral administration of this drug produced similar results. The mean 
imor weight of the treated mice was 22 per cent of the untreated controls. 
‘A-755 established subcutaneously for periods of 3, 5, 7, and 9 days was treated 
ith the bromopiperazine intraperitoneally and in all instances there was a 
arked regression of the tumor. Beeause of the dramatic results with trans- 
anted mouse breast adenoecareinoma (CA-755) rats with spontaneous breast 
imors were treated with the bromopiperazine (25 mg. per kilogram daily) 
traperitoneally for 6 days per week. The duration of this experiment was 
2 weeks. During this period some of the animals died and some survived until 
ie completion of the treatment or experimental period. In all instances the 
‘e of the tumor regressed (approximately 60 per cent) and in one instance the 
mor (3.5 by 3.0 em. in diameter) disappeared entirely. 
Subacute toxicity studies with the bromopiperazine in rats and dogs showed 
‘anuloeytopenia in the rats at a level of 25 mg. per kilogram and in the dogs, 
ng. per kilogram. 
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115. EFFECT OF ALTERATIONS IN THE ACCOMPANYING MEAL ON 
THE RATE OF ABSORPTION OF RADIOLODINE-LABELED 
TRIOLEIN 


Kk. CLINTON TEXTER, JR., M.D., Jonn A. D. Cooper, M.D., Pu.D., 
GREGARIO CHEJFEC, M.D. (By INvITATION), AND 
Ivan (. Keever, M.D. (By INviration 
CnHicaco, ILL. 


This study was undertaken to evaluate the effect of the nature of the ac 
companying test meal on rate of absorption of radioiodine-labeled triolein in 
fasting normal subjects. Addition of barium sulfate to test meals permitted 
evaluation of gastrie evacuation. Comparisons of test meals were made in the 
same patients. 

Mean total blood radioactivity expressed as per cent of the administered 
dose at 2, 4, and 6 hours after three test meals was as follows: capsules of 
triolein followed by a meal of milk, toast, and jam, 7.9, 12.9, and 16.4 per cent; 
capsules of triolein with 48 per cent peanut oil emulsion, 2.0, 10.8, and 18.4 per 
eent: triolein in 48 per cent peanut oil emulsion, 5.8, 8.9, and 8.9 per cent. 


Comparison of rate of absorption of triolein administered in a 48 per cent 
peanut oil emulsion and in milk yielded the following mean blood levels 
emulsion, 7.9, 10.5, and 9.5 per cent; milk, 20.6, 21.8, and 22.2 per cent. 


The effect of fat content in the diet was determined by administering the 
triolein in milk, half milk and cream, and 48 per cent peanut oil emulsion. Th 
mean blood levels at 3, 5, and 7 hours were as follows: milk, 15.3, 17.3, and 
12.9 per cent; half and half, 15.4, 17.3, and 13.7 per cent; emulsion, 9.8, 10.1, and 
7.2 per cent. The feeal values for all three diets were comparable and ranged 
from 0.7 to 1.0 per cent. 

From these studies the following conclusions were drawn. The rate ol 
absorption of radioiodine-labeled triolein is influenced by the nature of th 
suspending test meal. Administration of labeled triolein in capsules retarded 
absorption rate probably beeause of slow dissolution in the presence of a con 
centrated fat emulsion. Hot and cold emulsions were not readily accepted by 
subjects and resulted in delayed absorption because of nausea, decreased gastro 
intestinal motor activity. The milk diet was readily accepted and resulted in 
more rapid absorption. This may be in part due to the nature of the emulsifiers 
in milk. The addition of Tween 80 did not significantly influence the rate o 
absorption. Feeding results in more rapid initial absorption eliminating “flat 
normal curves. 


116. PREVENTION OF STOKES-ADAMS SEIZURES BY REDUCING 
PLASMA POTASSIUM WITH CHLOROTHTAZIDE 


Louis Topran, M.D., MINNEAPOLIS, MINN. 


Seven patients with a long history of Stokes-Adams seizures resulting fro 
heart block were given chlorothiazide. Each patient was given enough chlor 
thiazide to lower the plasma potassium at least 0.6 mEq. per liter. In so 
patients, the potassium level was lowered 1.1 mEq. per liter below contr 
levels. When this had been accomplished, the Stokes-Adams seizures we! 
abolished. A good result was always obtained when the plasma potassium ¢ 
as low as 3.8 mEq. per liter. Small doses of chlorothiazide may not low 
plasma potassium sufficiently; in these instances, Stokes-Adams seizures w« 
not prevented. The lessened incidence of seizures was not accompanied by a! 
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change in plasma pH even though the plasma bicarbonate rose slightly in some 
eases. Electrocardiographie tracings revealed several instances of decreasing 
heart block on the treatment. The most striking improvement was a change 
from complete heart block to normal sinus rhythm during the course of therapy. 
The beneficial effect of the chlorothiazide can be obtained with or without the 
use of supplementary sodium chloride. Ilowever, some patients have more 
energy when they are taking supplementary sodium chloride along with chloro- 
thiazide. Our eighth patient with seizures represents a treatment failure. 
When he first received chlorothiazide, his plasma potassium went down to 3.9 
mEq. per liter and he was free of attaeks. While on the same dosage of ehloro- 
thiazide his potassium gradually rose to 4.5 mEq. per liter and he began having 
attacks. [lis daily dose of chlorothiazide was subsequently raised to 2,500 mg. 
without bringing his potassium level below 4.4 mEq. per liter and he continued 
to have seizures. Ile demonstrates that when the drug does not lower plasma 
potassium sufficiently, it does not prevent seizures. 









Patients with malfunctioning conduction tissue have no safety margin, and 
a temporary slight worsening of conduction will bring on a period of asystole 
with loss of consciousness. Chlorothiazide changes the ratio of extracellular to 
intracellular potassium in the conducting tissue only about 15 to 20 per cent 
but this is enough to improve conduction, increase the safety margin, and there 
fore prevent seizures. 
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KM LMERICE TRAKS, M.D. 















(By INvitTaTION), AND S. M. SANceETTA, M.D.., 


CLEVELAND, OHIO 





The effects of a 2 hour exposure to a relatively dry, hot atmosphere of 40 

per cent humidity and 98° F. on glomerular filtration rate (mannitol) and 

effective renal blood flow (ERBF) (PAH) were studied in 30 hospitalized pa- 

tients, equally divided into 3 groups: subjects with normal hearts, with en- 
rged left ventricles but not in failure (normal Pwp on cardiae catheterization), 
d with enlarged left ventricles in failure (elevated Py,). The base-line 

determinations were obtained at the comfortable environment of 40 per cent 
midity and 73° F. An additional ten control subjects were studied in the 
ifortable environment only. 

















The subjects in all 3 groups showed a statistically significant decrease in 
‘abrachial arterial pressure. There was no change in glomerular filtration 
e, ERBF, and filtration fraction, and a significant decrease in renal vascular 
stance in the normal individuals and in those not in left ventricular failure. 
li, the patients who were in left ventricular failure, ERBF, initially lower than 
that in the other groups, and glomerular filtration rate showed significant redue- 
3, With no over-all change in renal vascular resistance. In fact, four of the 
subjects in left ventricular failure showed increases in renal vaseular 
‘tanee. There was no change or only a minimal decrease in brachial 
‘ial pressure in these four subjects (0 to 5 mm. Hg), despite the significant 
ov. -all reduction noted in the entire group. 
These findings, as well as certain other considerations, suggest that hot, 
all it dry weather, may be deleterious to certain patients when in left ven- 
lar failure, in that further aggravation of already impaired renal function 
take place, despite adequate physical and emotional rest. 
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118. DETERMINATION OF TOTAL BODY WATER WITH 
TRITIUM OXIDE 





FaBiaAN Upekwu, M.D. (By INviration), AND DoNALp D. Kozo, M.D., M.S., 
Cricaco, Inn. 


Moore and other workers have shown that a study of water and electrolytes 
needs a triology of (1) balance, (2) concentration, and (3) composition. Re 
view of the previously available methods of determination of total body wate) 
shows a dearth of an easy clinically applicable method of measuring total bod) 
water. Desiccation is not applicable. Various chemicals (antipyrine, urea, 
sulfa compounds, ete.) have all been shown to be inaccurate. Deuterium gavi 
prospects but the methods (mass spectrometry and falling drop) are expensive, 
time consuming, and delicate. 

An isotope Il, (tritium) has been released and is available as sterile heavy 
water tritium oxide. The isotope has several advantages: (1) it is cheap; (2 
it is low in energy output, and therefore, extremely safe; (3) it is easily d 
termined especially by the liquid scintillation method; (4) it has an excellent 
equilibration curve making extrapolation easy; and (5) it has an exeellent 
biologie half-life of 2 to 19 days and a physical one of 12.4 years, making it 
easy to exerete vet able to be stored for a long period of time. 

We injected this isotope intravenously in doses of 30 »e per kilogram to 
determine total body water in 200 hospitalized controls free from water or elec 
trolyte imbalance. We used our own modification of Langhan’s method. I» 
terminations of total body water were all from extrapolation of each equilibr: 
tion curve. There were 100 males and 100 females, 10 in each deeade of lif 
Total body water was related to weight, sex, and surface area, and regressio! 
equations were calculated. 

In newborn infants the average age for male subjects was 41 hours, and 
46.6 hours for females. The mean value for total body water in males was 2.5 
L. or 86.8 per cent of body weight. In the females it was 2.5 L. (83.9 per cent 
The regression equation for this group is total body water 0.597 (weight 
0.94 (r 0.997). There is no statistical difference between males and females 
p > 0.05. This relationship is continued until puberty when males show ris 
in body water, and females a drop. The two approach the same values 
senescence. Males average 29.5 L. and females average 24.4 L. 



























119. OPSONTIFICATION OF BENTONITE PARTICLES BY 

GAMMA GLOBULIN 

ELIZABETH VAUGHAN-Portter, M.D. (By INviITATION), AND 
GENE H. STOLLERMAN, M.D., Curcago, IL. 








The concept of opsonifieation has usually implied combination of an antigen 
With its specifie antibody and subsequent reaction of this complex with thermo 
labile plasma factors which stimulate phagocytosis. This report extends tl 
concept of opsonifiecation to an effeet produced by the nonspecifie binding of 
gamma globulin to a nonantigenie substance. 

Bentonite particles were selected for studies of opsonification because | 
were found to be relatively poorly phagoeytized by human blood in vi ro 
Advantage was taken of the capacity of bentonite to firmly adsorb puri « 
gamma globulin directly to its surface in order to investigate the poss) le 
opsonizing effects of bound gamma globulin in the absence of a specifie ant! 

Direct adsorption of pooled human gamma globulin to bentonite part \ | 
resulted in striking enhancement of phagocytosis by human blood leuko 
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in vitro. Preliminary heating of gamma globulin and of blood plasma at 56 
reduced but did not eliminate the opsonic effect of gamma globulin. Gamma 
elobulin prepared from the blood of a single individual also opsonized bentonite 
when such particles were resuspended in the whole blood of the same individual 
autologous systems) and the whole blood of different human beings (homo- 
lovous svstems 

Gamma globulins prepared by electroconveection, ammonium sulfate pre- 
cipitation, and Cohn fractionation from the blood of a single individual were 
all opsonie in autologous and homologous systems although the Cohn method 
produced the most active material. Maximal opsonie activity per unit weight of 
protein adsorbed io bentonite was obtained with Cohn fraction II prepared from 
a large human plasma pool. 

The phagocytosis promoting effect of gamma globulin was not related to 
the, content of aggregated globulin in the preparation. Pure, nonaggregated, 
75 gamma globulin, prepared by electroconvection and subsequent ultracentri- 
lugation, was also markedly opsonie in autologous and homologous systems. 

The results indieate that phagocytosis of nonantigenie foreign particles by 
peripheral blood leukoeytes is affeeted by their affinity for gamma globulin and 
suggest that nonspecifie gamma globulin binding by foreign substances or 
damaged tissues may play a fundamental role in acute inflammation. 


20. STUDIES ON THE TRIGGER MECITANISM INVOLVED IN TIE 
VASCULAR ALTERATIONS INDUCED BY ENDOTOXIN 


JAMES VicK, M.S., MINNEAPOLIS, MINN. 






INTRODUCED BY WESLEY W. Spink, M.D.) 


Although it is well established that endotoxin induces peripheral vasocon- 
striction and vasodilation, the trigger mechanism responsible for these changes 
s poorly understood. The present study suggests that the initial vascular con- 
traction is due to an interaction between endotoxin and a component or eom- 
ponents of blood. A reproducible bioassay demonstrating this interaction was 
performed by placing freshly isolated, canine, saphenous veins in an oxygenated 
saline bath at 37° ©., permitting rapid changes of perfusion fluids. .A modified 
Sanborn strain gauge reeorded changes in vessel tension. Escherichia coh 
endotoxin was added to the bath in a concentration of 10 to 20 ng per milliliter. 
Islood and its components were obtained from donor dogs. 

Results: 1. Perfusate of whole blood. Within 30 to 60 seconds after the 
lition of endotoxin, 5 to 10 Gm. of tension was developed by the contracting 
sel, which was sustained for 5 to 8 minutes. 2. Perfusates of Ringer, Krebs- 

I! nseleit, and dextran solutions. No contraction resulted. 3. Role of platelets. 
platelet-rich serum or plasma resulted in good contraction, but none occurred 
h a platelet-poor serum or plasma. 4. Heat labile plasma component. Con- 
‘tion did not occur when a buffy coat, rich in platelets, was added to Krebs- 
Ii useleit solution. A heat labile factor in serum or plasma was essential for 
eo: {raetion. Aetivity was retained when plasma was filtered through sintered 
s, but it was lost when passed through a Seitz filter. Dialysis of platelet- 
plasma against Krebs-Henselheit solution resulted in an active dialyzate 
as vell as a retained reactivity in the ultrafiltrate. 5. Miscellaneous observa- 
tis. A perfusate of defibrinated blood resulted in contraction, but none oe- 
C d with canine cerebrospinal fluid. 
Evidence, to be presented, suggests that the vessel contraction occurring 
' the described experimental conditions was due to enzymatie activity, and 
in, ilved an interaction between endotoxin, serum or plasma, and _ platelets, 
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which resulted in the liberation of histamine or a histaminelike substance. It 
is emphasized that in the intact animal, humoral substances, other than his 
tamine, are also involved in the later stages of endotoxin shock and inelude 
serotonin, epinephrine, norepinephrine, and actelyecholine. 


IZl. EFFECT OF ANABOLIC STEROLDS ON NITROGEN AND MINERAL 
METABOLISM IN PATIENTS ON CORTICOSTEROITD TILERAPY 


PauL J. Vianos, Jr., M.D., WituiAm E. Asporr, M.D., Roperr S. Post, M.D. 
By INVITATION), AND STANLEY LEVEY, PH.D. (By INviration) 
(CLEVELAND, OHIO 


Prolonged administration of corticosteroids is often a therapeutic necessity 
in spite of the faet that osteoporosis and/or myopathy may result. The present 
study was undertaken to determine whether anabolic steroids counteract these 
destructive effects. 

Sodium, potassium, chloride, calcium, phosphorus, and nitrogen balance 
studies were conducted for 15 to 36 days eleven times in eight patients. The 
amount of urinary ereatine, creatinine, and the concentration of serum aldolas 
and various other serum components were periodically determined. The catabolic 
response illicited by corticosteroids and subsequently the anabolie effect o1 
methandrostenolone (Dianabol) or testosterone propionate (or one of its deriva 
tives) were studied. 

The eatabolie effect of corticosteroid therapy Was directly related to tota 
dosage. The studies during treatment with all anabolie steroids showed greate! 
nitrogen and potassium retention which was frequently associated with an 
anabolie effeet involving calcium and phosphorus metabolism. 

The amount of creatine in the urine often inereased during corticosteroid 
therapy and showed a further rise associated with an inerease in the serum 
aldolase concentration when methandrostenolone was given in conjunction with 
corticosteroids. Because hyperaldolasemia is usually associated with myopathy, 
its occurrence during the administration of methandrostenolone casts doubt on the 
thesis that the increased creatinuria is a result of an accelerated creatine syn 
thesis. The serum aldolase concentration and the amount of creatine in the urin 
decreased to within the normal range after withdrawing methandrostenolone. 
Neither increased when testosterone propionate was given in conjunetion wit! 
corticosteroid therapy. These results suggest that the creatinuria and elevated 
serum aldolase concentrations reflect fundamental changes in muscle or in tlie 
muscle membrane metabolism and raise the possibility that potentially deleterious 
effects may occur when methy! testosterone or its derivatives are given to counte: 
act catabolic steroid activity. No androgenic or myopathie effects were note 
clinically in patients who continued taking small doses of corticosteroids an 
methandrostenolone for 4 to 8 months. Specifie tissue alterations which m 
elucidate the significances of the increase in creatine in the urine and aldolase 
the serum and the implications of the electrolyte balance data as influenced ) 
these agents will be discussed. 


122. EFFECT OF STREPTOCOCCAL ENZYMES UPON CONTRACTIL! 
OF HUMAN AND GUINEA PIG ATRIA 


Nancy Vorce, M.D. (By Inxviratrion), Davip GoLpRING, M.D., AND 
WILLIAM SLEATOR, JR., M.D. (By INviration), St. Louts, Mo. 


The advent of open heart surgery has made available for the first time 1i 
human heart musele which could be utilized for investigation. This study 
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substance 


the isolated human heart musele from rheumatic and nonrheumatic individuals. 
The effect of these enzymes was studied also in guinea pigs which were previ- 
ously immunized with these substanees as well as in nonimmunized animals. In 
addition, the effect of the somatie carbohydrate 


was also studied. 


Part I, normal guinea pig 


as “normal” human 


I1f, right atrial muscle obtained from acyanotie children operated upon for 
congenital heart defects was considered 


musele (10 ehil- 


dren); Part IV, right atrial muscle obtained from adults operated upon for 
correction of rheumatic heart disease was considered as “streptococcal sensitized” 


Under the conditions of the experiments, streptococcal DPNase appeared to 
This effect could not be demonstrated in 
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vuinea pig and human atria, severely in the former and transiently in the latter. 
The response of the immunized guinea pig atria to the sensitizing antigen under 
these conditions was one of increased height of contraction and the development 
from these animals were more 
irritable than those from the normal subjeets handled in the same manner. 
What specific role these enzymes have in the human who develops rheumatie 
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individual clotting factors interrupts the natural relationship between clot 
omoting and inhibiting components which determines the kineties of the over- 


causes minimal 
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The thrombin generation test with freshly drawn, undiluted, reealeified, 
rated human plasma (personal technique 


interference with 


Kor instance, serial determinations made 
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abnormally 


hypertension, 


re, during, and after walking on the treadmill shows that the kineties of 

coagulability is altered by exertion, with similar patterns in normal in- 
di.iduals. Exertion induces an earlier onset of thrombin generation together 
i an earlier appearance of peak activity and is frequently accompanied by a 
ier thrombin yield. There is return to normal values shortly after exertion. 
iminary studies with cardiae patients frequently revealed a basie delay in 
mbin generation with a reduced peak activity, and that exertion invoked 
cular gross variations in thrombin generation both in the sense of hyper- 
eo gulability and hypocoagulability. 
e eration with an increased peak activity was observed in resting patients with 
h\ verthromboeytemia, primary pulmonary 


accelerated thrombin 


and Cushing’s 
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The kineties of thrombin generation change quickly with storage of normal 
blood or plasma. Within 30 minutes after shedding, the variations are within 
the experimental error, but after this time a delay in the beginning of thrombin 
veneration and in the appearance of maximal yield ean be observed (with in 
dividual variations) whether the specimen is stored at 37° C., at room temper 
ature, or under refrigeration. Refrigerating or freezing of normal plasma 
overnight, however, brings about an accelerated thrombin generation with 
higher yield, together with a more complete prothrombin consumption. 

The thrombin generation test refleets pathologie deviations and provides 
an assay method for the addition of corrective clotting components. It is of 
particular value for detection of hypercoagulability and physiologie variations 
in the ecoagulability of human blood in vivo and in vitro. Rigid standardization 
is indispensable. 


I24. EFFECT OF ORAL POTASSIUM SALTS ON FUNCTIONAL 
AND ORGANIC T WAVES 


R. 1. WASSERBURGER, M.D., AND J. BRANDABUR, M.D). (By INviratTiIoNn 
Mapison, WIs. 


The need for an expedient procedure to clearly differentiate functiona 
from organie T waves in the field of clinical eleetroeardiography has long bee 
recognized. 


Based upon our previous experiences with the consistent ameliorating effect 
of oral potassium salts on funetional precordial T wave inversion as seen in thi 
“juvenile pattern,” 10 Gm. of oral potassium salts has been administered to fifty 
patients with clinical and electrocardiographic evidence of the following patterns 


acute transitory transmural ischemia in five, acute subendocardial ischemia 1 
five, acute posterior wall infarction in five, acute anteroseptal infaretion in five 
healed posterior wall infaretion in five, healed anterior wall infarction in five 
left bundle braneh block in five, left ventricular preponderance pattern in fiv: 
and digitalis effect in ten. 

Regardless of the etiologic production of these organic T wave changes, thi 
were uniformly unaltered after the administration of the potassium salt. E> 
cept for the occurrence of transient nausea in two patients and anginal pains 
two others, there were no major untoward effects arising from this procedui 

Thus it appears that the oral administration of potassium salts, in lare 
dosage, may well be of considerable eclinieal value in differentiating electr 
eardiographie T wave changes of functional versus organic bases. 


1225. ELECTROCARDIOGRAM AND USE OF TILE INTACT GUPPY 
(LEBISTES RETICULATUS) FOR ELECTROBIOASSAY 
OF DIGITALIS 


ArtHuR G. WEINBERG, B.A. (By INviration), AND 
HerRMAN K. HELLERSTEIN, M.D., CLEVELAND, Onto 


In an attempt to develop a practical clinical electrobioassay of urin 
digitalis, we have studied the electrocardiogram, vectorcardiogram, and 
electrocardiographie response to digitalis of the common guppy (Leb 
reticulatus), a popular, inexpensive, and hardy teleost. 

Female fish (length 2.6 em., weight 0.5 gram) were lightly anesthetize: 
immersion in 5 ml. of 2 per cent urethan for 1 to 2 minutes. The fish were | 
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immobilized in a small plastie trough out of water and oxygenated by oral 
perfusion of the gills with aerated water. Sealar electrocardiograms and 
frontal plane vectoreardiograms were recorded from three insulated needle 
electrodes with 50 , tips, inserted to a depth of 0.5 mm. with micromanipulators. 
The electrodes formed a 2 mm. equilateral triangle centered over the heart. 

Observations have been made on 72 guppies. Curare or barbiturate anes- 
thesia (39 guppies) produced variable effects on heart rate and survival. In 33 
urethan anesthetized guppies the heart rate was less variable (average initial 
rate 165 + 20) and survival was predictable, i.e., 2 to 6 hours without change in 
rate, eleetrocardiogram, or respirations. The electroeardiogram resembled that 
of larger fishes except for a more rapid rate. In 85 per cent of the guppies the 
QRS was largest in Lead I (average maximum 370 pv). The initial and the 
mean vectors were directed rightward and tailward, and the terminal vectors 
were predominantly tailward. The vectoreardiogram loop showed a counter- 
clockwise rotation. 


Various digitalis glycosides (strophanthin, digoxin, digitoxin) were ad- 
ministered intra-abdominally in 0.02 ml. containing 0.1 to 2.0 meg. and produced 
typieal electrocardiogram digitalis effects. In a series of 9 consecutive experi- 
ments 2 meg. of digitoxin produced in each instance progressive degrees of A-V 
block (first degree, second degree, Wenekebach phenomenon, and third degree) 
2 to 283 minutes after injection. 

Attempts are now being made to enhance the sensitivity of the heart of the 
intact guppy to digitalis to obviate the need to handle large volumes of urine 
during extraction of digitalis. An alternate and more sensitive bioassay of 
digitalis may be found in the use of the excised guppy heart which maintains 
sinus rhythm for hours when immersed in Ringer’s solution. 


126. INFLUX OF NUCLEIC ACIDS INTO MARROW CELLS AND ITS 
EFFECT ON HEMOGLOBIN ELECTROPITORESIS 





AUSTIN S. WEISBERGER, M.D., CLEVELAND, OHIO 


The role of viruses and infectious nueleie acids in producing tumors and 
ukemia in animals is being studied intensively. Difficulty in demonstrating 
ransfer of genetie information, similar to that oceurringe in bacteria during 
‘ansformation and transduction, hampers studies with mammalian eells. The 
ollowing study was undertaken to determine whether nueleie acids obtained 
om marrow of patients with genetic hemoglobin disease could alter the type 
‘ hemoglobin formed by megaloblastie marrow cells, thereby serving as a 
arker in cellular transformation studies. Megaloblastic marrows were chosen 
cause increased susceptibility to transformation may occur during maturation. 
As an initial procedure, the influx of labeled desoxyribose nueleie acid and 
bose nucleie acid into rabbit marrow cells in vitro was demonstrated. Rabbits 
re injected with P*? and the nucleic acids were isolated from the marrow after 
hours. Rabbit marrow cells were incubated with the labeled nucleie acids in 
ro and the influx of P®* was determined. The influx of desoxyribose nucleic 
id varied with duration of ineubation and with the amount of desoxyribose 
cleic acid added; up to 0.35 meg. was absorbed per 10° cells under optimal 
iditions. Pretreatment of desoxyribose nucleic acid with DNAase resulted 
significantly decreased influx. Conversion to single-strand desoxyribose 
cleie acid by heat prior to incubation with marrow cells resulted in an in- 
ased influx, an observation contrary to that found when bacteria ave ineu- 
ted with single-strand desoxvribose nucleie¢ acid. 
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Altered hemoglobin formation was studied by incubating desoxvribose 
nucleie acid or ribose nucleie aeid isolated from marrow of patients with siekl 
cell anemia with marrow cells from patients with pernicious anemia. Ineubation 
was carried out in balanced tissue culture fluid for 24 hours under sterile condi 
tions with the addition of B,., folinie acid, and penicillin. Although only small 
amounts of altered hemoglobin formation could be expected as a result of trans 
formation under these conditions, electrophoretic patterns consistently showed 
abnormal components in hemoglobins derived from cells incubated with nucleic 
acids as compared with eontrols. These were fast moving components, no siekli 


hemoglobin being demonstrated. Possibly the nueleic acids interfered wit! 
normal information transfer within the cells so that abnormal hemoglobins wer 
formed, Although altered hemoglobin electrophoresis oeceurred, this eannot be 


interpreted as conclusive evidence of transformation by nueleie acids. 





IW7, ANEW, RAPID, AND EFFICIENT METILOD OF MEASURING 
INERT AND CILEMICALLY ACTIVE GASES IN BODY FLUIDS 
WITHLE THE TECHNIQUE OF VAPOR PILASE 
CHROMATOGRAPITY 


RusseLL TH. Wiiuson, M.D., Pu.D., Np Bruce E. Jay, B.S 


By INviration), Dauuas, TEXAS 


















































































































With the introduction of the method of Van Slyke and Neill for the analysis 
of blood oxygen, earbon dioxide, a remarkable advance was made in the teel 
nology of the biologie sciences. Since that time there has been no change in thi 
the method. In physiologic studies it is desirable to have individuals breathy 
mixtures of inert components for the purpose of measuring cardiac outpul 
pulmonary capillary blood flow, volume, and cerebral blood flow. The analytic 
problem, created by mixing inert gases for physiologie studies, has been diffieu 
to solve. With the introduction of vapor phase chromatography, we have a rapid 
and accurate method of measuring mixtures of inert gases in solution or chet 
cally combined in hody fluids. 

A major unsolved problem pursuant to the use of the gas chromatogra) 
was a method of introducing a known quantity of fluid into the apparatus a 
extracting the dissolved or chemieally combined eases quiekly, to be swe} 
through the apparatus with a earrier gas such as helium. 

An analytic chamber was designed to admit a known quantity of blo 
under pressure into the system that contained the reagents. The chamber w 
constructed from a fritted glass funnel with stopcocks to facilitate introduetis 
of the sample and to direct the flow of helium to remove the liberated gas 
With the proper columns in the apparatus, one ean measure oxygen, ear! 
dioxide, earbon monoxide, nitrous oxide, acety lene, nitrogen, helium, etec., quicl 
and simply. 

The data obtained for oxygen and earbon dioxide were compared with d 
obtained with the method of Van Slyke and Neill. The quantity of ea 
dioxide in the blood obtained with the as chromatograph Was slenifiea! 
greater than that obtained with the Van Slyke (p 0.01). The amount 
oxygen extracted from a sample of blood with the gas chromatograph 
greater than that with the Van Slyke. The Beckman GC-2 gas chromatogra 
apparatus was modified to attach a cuvette, of original design, to quanti 
mixtures of either inert or chemically active blood gases. The application 
this method will be a powerful tool in medical research. 
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28. HEMODYNAMIC STUDIES IN MAN BEFORE AND AFTER THREE 
CHEMICAL AGENTS WHICH BLOCK SYMPATHETIC 
NEURAL ACTIVITY 
WiLLIAM R. Wintsox, M.D. (By Isxviration), Davin C. Van HleEcKE, M.D. (By 
INVITATION ), AND WALTER M. KIRKENDALL, M.D., Towa Crry, Iowa 


(Giuanethidine, bretylium  toslvate, and alpha-methyl-3,4-dihydroxy-pbL- 
phen, lalanine (a methy! dopa 


selectively block sympathetic neural function; 
none blocks impulses at ganelia. 


Guanethidine and bretylium inhibit formation 
or release of norepinephrine at nerve endings in an unknown manner, Alpha- 
methyl-dopa prevents norepinephrine production by inhibiting decarboxylation 
of dopa to dopamine. Sixteen patients (thirteen hypertensive) were studied 
on 17 oceasions before the druge was administered and after hypotension had 
occurred. Observations were made within 1 to 3 hours after intravenous ad- 
ministration, or after 2 to 14 days of oral dosage. Intra-arterial blood pressure 
was recorded with subjects in a supine position and in the 90 degree head-up 
position. 

Ten patients received guanethidine (five orally, five intravenously). All 
eventually exhibited blood pressure reduction, most marked in the upright 
position. An initial pressor response occurred with intravenous administration. 
Bradyeardia occurred in all patients treated with oral guanethidine. No 
augmentation of the pressor effect of ephedrine occurred after ingestion of 
euanethidine. Only one patient had a hypertensive overshoot when tilted from 
the standing to supine position after administration of guanethidine. None had 
this previously. 

Five patients received bretylium (three orally, two intravenously). No 
nitial blood pressure increase was seen after intravenous administration as after 
euanethidine. None had tiltback hypertensive overshoots after bretylium. This 
drug inereased sensitivity to the pressor effect of ephedrine. 
ess pronounced than after administration of guanethidine. 

Two patients were studied before and after oral injestion ot a-methyl-dopa. 
In one, the tiltback overshoot was abolished after the drug 

as not altered. 


Bradyeardia was 


; in one this response 
The blood pressure response to ephedrine was inereased in 
ne, decreased in the other. Somnolence was noted in both patients initially. 
radyeardia was not observed. 

Valsalva hypertensive overshoots were inhibited or abolished and the pressor 
‘feet of single doses of norepinephrine was enhanced routinely after administra- 
on of all three drugs. 

The distinction between the pharmacologic action of guanethidine and 

etylium can be demonstrated by their differential effects on pressor response 
'o ephedrine and by the initial hypertension seen only after intravenous guan- 

hidine. These preliminary studies of a-methyl-dopa show it has hemodynamie 
‘ects similar to the other two drugs, but also a central action (somnolence) not 
n after guanethidine or bretylium. 


f 


1229. MEASUREMENT OF LECITHINASE A IN SERUM 
AND OTHER BODY FLUIDS 
LESLIE ZIEVE, M.D., AND WILLIAM C. VoGEL, M.S. (By INvitration), 
MINNEAPOLIS, MINN. 
Leeithinase A, a pancreatic enzyme that converts leeithin to lysolecithin, 


been measured by a method which simply involves the quantitation of free 
acids released after incubation of a lecithin substrate with the enzyme 
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souree. Bile salts, particularly sodium deoxycholate, and amino aeids, particu- 
larly glycine, augmented the enzyme’s action markedly. The accumulation of 
fatty acids and various other substances such as calcium, magnesium, oxalate, 


ether, and ethylenediaminetetraacetate inhibited the enzyme to varying degree. 
Proof was provided that the fatty acids released from serum were not the result 
of lipase activity, by showing the equivalence between fatty acids released and 
the molar conversion of lecithin to lysoleeithin, as measured with quantitative 
silicic acid paper chromatography. This was repeated in the presence of an 
excess of triglycerides and lipase with similar results. Lipase action was in- 
hibited by both the alkaline plIl of the ineubation system and the lecithin sub- 
strate present. Serum values of lecithinase A in normal persons and in persons 
with a variety of diseases, with the exeeption of acute pancreatitis, varied be 
tween zero and 20 units per milliliter. As much as tenfold elevations were 
observed in patients with acute panereatitis. Serial serum measurements re 
flected the elinieal course of the disease. In general, elevations of serum 
lecithinase A corresponded to increases in serum amylase and lipase concentra- 
tions. However many deviations from perfect correlations among these three 
enzymes in serum were observed. Very marked discrepancies in coneer rations 
of these enzymes were observed, in the absence of pancreatie disease, in individual! 
samples of pancreatic juice, bile, and duodenal contents, the significance of which 
remains to be explored. The dog, unlike man, has comparatively small amounts 
of lecithinase A in its pancreas and pancreatic juice. 


130. THE MOLECULAR SIZES OF BLOCKING AND AGGLUTINATING 
ANTIBODIES IN HUMAN BRUCELLOSIS 


Horace H. ZinNEMAN, M.D., Davin R. Briccs, Pu.D. (By Invitation ), 
WENDELL I. HALL, M.D., Pu.D., ANp HARRY GLENCcHUR, M.D. 
(By INviraTION), MINNEAPOLIS, MINN. 


In a previous communication these authors demonstrated blocking anti 
bodies in human brucellosis to be located in the beta globulin fraction (with the 
exception of the early stage of infection), whereas agglutinating antibodies were 
found in beta and gamma globulins, but preponderantly in the latter fraction 
It was postulated that the blocking activity might be due merely to the smaller 
molecular size of the blocking antibodies rather than to univalenee. 

Immunologically “pure” blocking and agglutinating antibodies were isolated 
from the sera of several infected human beings by means of starch block electro 
phoresis. The agglutinating fractions were pooled to give a protein concentra 
tion of 1.3 Gm. per 100 ml. Similarly, the blocking fractions were pooled to 
give a preparation of the same protein concentration. The pooled agglutinating 
fractions gave a titer of 1:640; the blocking titer of the pooled beta globuli 
fractions was 1 :160. 

These pooled samples were studied by means of ultracentrifugation. TI 
adsorption of antibodies by heat killed Brucella abortus was estimated by ar 
comparison of ultracentrifugal patterns before and after adsorption. About 
per cent of the protein was adsorbed from the gamma globulin peak (eontainil 
agglutinating antibodies) with an assumed 8.0, value of 6.5. The pooled bloc! 
ing fractions appeared as two peaks, one of 5.68, the other of 4.68. Adsorpti 
with Br. abortus amounted to about 18 per cent, a larger portion being adsorb 
from the lighter 4.6S peak. 

These experiments seem to confirm the postulate that blocking antibod 
consist of protein molecules which are considerably smaller than those of 
agglutinating antibodies. 
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